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LETTER OF TRANSMITTAL. 



Wab Department, 
Wdshinffton, August 11, 191S. 
The Speaeeb op the House op Kepbesentatives. 

Sm: I have the honor to transmit herewith a letter from the Actii^ 
Chief of Ordnance, United States Army^ dated 9th instant, submittmg, 
for transmission to Congress, as required by law, the report of the 
commanding officer of Watertown Arsenal of "Tests of iron and steel 
and other materials for industrial purposes," made at that arsenal 
during the fiscal year ended June 30, 1913. 
Very respectfully, 

Hbnby Bbegkinbidge, 
Acting Secretary of War. 



LETTER OF SUBMITTAL. ' 



Wab Dbpabtment, 
Office of the Chief of Ordnance, 

WdsJiington, August 5, 191S. 
From: Thq Ordnance Office. 
To: The Secretary of War. 
Subject: Annual report, tests of iron, steel, etc., 1913. 

I submit herewith, for transmission to Coi^ess, as required bv law, 
the report of the commandii^ officer of Watertown Arsenal, of "Tests 
of iron and steel and other materials for industrial purposes," made 
at that arsenal during the fiscal year ended June 30, 1913. 

Jno. T. Thompson, 
Lieutenant Colonel, Ordnance Department, 

Acting Chig cf Ordnance. 

Watertown Arsenal, 
WateHovm, Mass,, July 26, 191S, 
From: Commanding Officer. 

To: The Chief of Ordance, United States Army, Washington, D, C. 
Subject: Annual report of tests of metals, etc., for year ending 

June 30, 1913. 

The annual report of tests of iron, steel, and other materials made 
at this arsenal during the fiscal year ending June 30, 1913, is sub- 
mitted herewith. 

The total number of specimens tested during the year was 3,068, 
classified as follows: 

Gun Bpecim^is 29 

For Ordance Department 2, 281 

For other Government departments 56 

Tests for private parties 702 

Total 3,068 

The receipts and expenditures were as follows: 

Amount allotted for testing machine and testing work $14, 950. 00 

Received from private parties 819. 62 

Total received 15, 769. 62 

Amoimt expended for services and labor 10, 983. 05 

Amount expended for light, power, tools, implements, and material for 
test 4,786.57 

Total expended 15,769.62 

The equipment of the laboratory has been increased by the pur- 
chase of the following apparatus: 

One Leeds & Nortnrup thermocouple potentiometer, together with 
galvanometer. 
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6 LETTBB OP STJBiaTTAL. 

One portable resistance measuringr outfit. 

Three additional eyepiecei) ilpr .Leltzlnetallographic microscope so 
that mc^nifications up* to iVlQO diaineter&can now be taken. 

One Hosk^is el^tpc^aiiiffle furnace. 

One Ff^as ^nstaiit temperature electric drying oven. 

O^}^ ^W '1^ inch copying and enlarging camera. 

[Oik^MeKeT gas muffle furnace. 

One Meker compressed-air crucible furnace. 

One Ainsworth analjrtical balance with multiple rider system. 

The tests to determine the relative wearing qualities of bronzes, 
referred to in the last report, have been contmued during the year, 
and a machine is being designed to secure a more severe t^t on gears 
than was obtained in the fi^t test. 

Tests of model breech bushings to determine the relative efficiency 
of cylindrical and conical bushii^, and also to determine the relative 
efficiency of square and V threads have been made. 

An investigation of the microstructure of gun forgings now beins^ 
purchased by the department has been started with the view of 
securing information on which, as found necessary, changes in the 
specifications may be based. 

Many examinations of the microstructure of metals have been 
made, principally of steels, and several reports of such examinations 
by Dr. Henry Fay are included in this report. 

C. B. Wheeleb, 
LieutenaTit Colonel, Ordnance Department. 

Note. — In addition to the receipts and expenditures referred to in the foregoing 
statement, Bock Island Arsenal was allotted for testing machine and testing work 
$40.92, and received from private parties $11, making a total of $51.92. This amount 
was expended for services and labor. 
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BBBE0HBL0CK8 FOB 4.7-INOH HOWITZBB. 



Marks, 1202 F-8. 
IXameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Bqoaie 
Inch. 


In gauged length. 


Per inch. 


RemarkB. 


tiSS: 


Set. 


Elonga- 
ti^ 


elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
65,000 
60,000 
65,000 
66,000 
07,000 
68,000 

70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76,000 
77,000 
116,000 


In, 
0. 

.0003 
.0019 
.0032 
.0036 
.0040 
.0043 
.0044 
.0044 
.0045 
.0045 
.0046 
.0047 
.0048 
.0060 
.0060 
.0121 
.0146 
.0160 


In, 
0. 
0. 


In. 

.00160 
.00180 
.00200 
.00216 
.00220 
.00220 
.00225 
.00226 
.00230 
.00236 
.00240 
.00260 
.00400 
.00605 
.00726 
.00646 


In, 
0. 

.00015 
.00080 
.00066 
.00020 
.00020 
.00016 
.00005 
.00000 
.00006 
.00000 
.00005 
.00006 
.00005 
.00010 
.00150 
.00205 
.00120 
.00120 


Initial load. 

30,000 to OOJDOO lb. per sq. in. 
Modulus orela8tiat7--28,030,000 lb. 
persq. in. 

Elastic limit 
Tensile strsngth. 


.0003 




































-" 





Elongation after fracture, 0.45 in. in 2 in. — 22.5 per cent. 

Elongation of inch sections, 0.11 in., 0.34"*" in. 

Diameter at fracture, 0.35 in. 

Sectional area. 0.096 sq. in. 

Contraction of area, 51.9 per cent. 

Position of fracture, 1 in. from the neck. 

Appearance of fracture, fine silky. 
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Marks, 1201 F-3. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 


In ganged length. 


Perinoli. 


Remarks. 


Elonga. 


Set. 


"^ssr 


Snooessire 


Lb, 
1,000 
5,000 
80,000 
50 000 
55,000 
60,000 
65,000 

71,000 

73,000 

75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 

83,000 
119,500 


In, 

0. 

0. 

.0014 
.0088 
.0032 
.0035 
.0038 
.0043 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0060 
.0062 
.0066 
.0060 
.0079 
.0102 
.0117 


In, 

0. 

0. 


In, 

0, 

0. 
.00070 
.00140 
.00160 
.00175 
.00190 
.00215 

.00220 
.00220 
.00226 
.00830 
.00240 
.00260 
.00260 
.00275 
.00300 
.00396 
.00610 
.00685 


In, 

0. 

0. 

.00070 
.00070 
.00020 
.00015 
.00015 
.00086 
.00000 
.00006 
.00000 
.00005 
.00006 
.00010 
.00010 
.00010 
.00015 
.00026 
.00096 
.00116 
.00075 


Initial load. 

30,000 to eOflOO lb. per aq. in. 
Modulua of ela8tik^--»,930/)00 lb. 
peraq.in. 

Elastic limit 
Tensile strength. 


0. 













































Elongation after fracture, 0.37 in. in 2 in. » 1^.5 per cent. 
Elongation of inch sectionst^ 0.08 in., 0.29 in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction of area, 49.1 per cent. 
Position of fracture, 0.70 in. from the neck. 
Appearance of fracture, fine silky. 



^ 
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BBEECHBLOCES FOB 4.7-INCH HOWITZEB. 



Marks, 1196 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loa(&per 
square 
inch. 


In gauged length. 


Perindi. 


Remarks. 


Ekmga- 


Set. 


Elonga- 
tiST 


Soeoesslve 
eloogatkm. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
66,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
117,000 


In. 

0. 
.0002 
.0016 
.0029 
.0033 
.0037 
.0040 
.0044 
.0045 
.0046 
.0047 
.0048 
.0049 
.0060 
.0052 
.0054 
.0057 
.0066 
.0076 
.0091 
.0105 


In. 

0. 

0. 


In. 
0. 

.00010 
.00060 
.00145 
.00166 
.00185 
.00200 
.00220 
.00225 
.00230 
.00235 
.00240 
.00245 
.00250 
.00260 
.00270 
.4)0285 
.00330 
.00380 
.00455 
.00525 


In. 
0. 
.00010 
.00070 
.00065 
.00020 
.00020 
.00015 
.00020 
.00006 
.00006 
.00005 
.00005 
.00005 
.00005 
.00010 
.00010 
.00015 
.00046 
.00050 
.00075 
.00070 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8t^^-28,03O,OOO lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 













































Elongation after fracture, 0.39 in. in 2 in. = 19.5 per cent. 
Elongation of inch sections^ 0.11 in., 0.28* in. 
Diameter at fracture, 0.36 m. 
Sectional area. 0.102 sq. in. 
Contraction of area, 49.1 per cent. 
Position of fracture, 1.14 m. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1188 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loa£per 
square 
inch. 


In gauged tength. 


Per Inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 


Lb. 
1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
116,500 


In. 

0. 

.0003 
.0019 
.0033 
.0036 
.0040 
.0043 
.0047 
.0048 
.0049 
.0049 
.0050 
.0051 
.0052 
.0051 
.0056 
.0059 
.0065 
.0075 
.0095 
.0108 


In. 

0. 
0. 


In. 

0. 

.00015 
.00095 
.00165 
.00180 
.00200 
.00215 
.00235 
.00240 
.00245 
.00245 
.00250 

- .00255 
.00260 
.00270 
.00280 
.00295 
.00325 
.00375 
.00475 
.00540 


In. 

0. 
.00015 
.00080 
.00070 
.00015 
.00020 
.00015 
.00020 
.00005 
.00005 
.00000 
.00005 
.00005 
.00005 
.00010 
.00010 
.00015 
.00030 
.00050 
.00100 
.00066 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 28,930,000 lb. 
persq.in. 

Blastlo limit. 
Tensile strength. 


0. 













































Elongation after fracture, 0.42 in. in 2 in. = 21 per cent. 
Elongation of inch sections, 0.30 in., 0.12 in. 
Diameter at fracture, 0.35 in. 
Sectional area. 0.096 sq. in. 
Contraction oi area, 51.9 per cent. 
Position of fracture, 1.15 in. from the neck. 
Appearance of fracture, fine silky. 
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BREECHBLOCKS POB 4.7-INCH HOWITZBB. 



Marks, 1187 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



lOIMUtp^ 

sqaare 


In gwiged length. 


Per inch. 


RemarkB. 


Elonga. 


Set. 


Elonga- 


<^ongt^tloHi 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 

71,000 

73,000 
7^000 
7^000 
76; 000 
77,000 
78,000 
79,000 
80,000 
81,000 


In. 
0. 

.0001 
.0015 
.0029 
.0033 
.0036 
.0040 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0049 
.0051 
.0054 
.0058 
.0070 
.0090 
.0104 


In. 
0. 


In. 
0. 
.00005 

.00075 
.00145 
.00165 
.00180 

.00215 
.00220 
.00220 
.00225 
.00230 
.00240 
.00245 
.00255 
.00270 

.00350 
.00450 
.00520 


In. 
0. 
.00005 

.00070 
.00070 
.00020 
.00015 
.00020 
.00015 
.00005 
.00000 
.00005 
.00005 
.00010 
.00005 
.00010 
.00015 
.00020 
.00060 
.00100 
.00070 


Initialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of eIasBaty--28,980,000 lb. 
persq.in. 

Elastiolimtt. 
Tensile strength. 


-.0001 











































Elongation after fracture, 0.41 in. in 2 in. = 20.5 per cent. 
Elongation of inch sections^ 0.27* in., 0.14 in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, 1.12 in. from the neck. 
Appearance of fracture, fine silky. 



BBEECHBLOCES FOB 4.7-INOH HOWITZEB. 
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Marks, 1180 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 


Set. 


Eionga- 
ti^. 


Successive 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
117,000 


In. 
0. 

.0003 
.0017 
.0030 
.0034 
.0037 
.0040 
.0045 
.0045 
.0046 
.0047 
.0048 
.0049 
.0060 
.0062 
.0070 
.0098 
.0111 
.0135 


In. 
0. 
0. 


In. 
0. 
.00015 
.00085 
.00150 
.00170 
.00185 
.00200 
.00225 
.00225 
.00230 
.00235 
.00240 
.00245 
.00250 
.00260 
.00350 
.00490 
.00656 
.00675 


In. 
0. 

.00015 
.00070 
.00065 
.00020 
.00016 
.00015 
.00025 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00090 
.00140 
.00065 
.00120 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8ticity-30,000,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


.0001 









































Elongation after fracture, 0.42 in. in 2 in. = 21 per cent. 
Elongation of inch sections, 0.11 in., 0.31* in. 
Diameter at fracture, 0.36 in 
Sectional area. 0.102 sq. in. 
Contraction of area, 49.1 per cent. 
Position of fracture, 0.90 m. from the neck. 
Appearance of fracture, fine silky. 

5994«— H. Doc. 404, 63-2 2 
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BBEEGHBLOCKS FOR 4.7-INCH HOWITZEB, 



Marks, 1179 F-2 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Ganged length, 2 in. 



loa£per 
square 
mch. 


In gaogod length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


9et. 


Blonga- 
ti^. 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77.000 
78,000 
79,000 
80,000 
81,000 
82,000 
117,000 


In. 

0. 

0. 

.0015 
.0029 
.0083 
.0036 
.0040 
.0044 
.0044 
.0045 
.0046 
.0046 
.0047 
.0048 
.0049 
.0051 
.0055 
.0139 
.0151 
.0169 


In. 

0. 

0. 


In. 

a 

0. 
.00075 
.00145 
.00165 
.00180 
.00200 
.00220 
.00220 
.00225 
.00230 
.00230 
.00235 
.00240 
.00245 
.00255 
.00275 
.00695 
.00755 
.00845 


In. 

0. 

0. 

.00076 
00070 
.00020 
.00015 
.00020 

.00000 
.00005 
.00005 

.00000 
.00005 

.00005 
.00005 
.00010 
.00020 
.00420 
.00060 
.00090 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticfty - 28,9S0fl0O lb. 
persq.in. 

ElasticUmit. 
Tensile strength. 


0. 











































Elongation after fracture, 0.44 in. in 2 in. = 22 per cent. 
Elongation of inch sections, 0.32* in., 0.12 in. 
Diameter at fracture, 0.34 in. 
Sectional area. 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1.16 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1178 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
ti^^^ 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77.000 
78,000 
79,000 
80,000 
81,000 
82,000 
113,500 


In. 

0. 
.0001 
.0015 
.0028 
.0030 
.0034 
.0086 
.0041 
.0041 
.0042 
.0043 
.0044 
.0045 
.0047 
.0051 
.0056 
.0066 
.0081 
.0099 
.0119 


In. 

0. 
0. 


In. 

0. 
.00005 
.00075 
.00140 
.00150 
.00170 
.00180 
.00205 
.00205 
.00210 
.00215 
.00220 
.00225 
.00235 
.00255 
.00280 
.00330 
.00405 
.00495 
.00595 


In. 
0. 

.00005 
.00070 
.00005 
.00010 
.00020 
.00010 
.00025 
.00090 
.00005 
.00005 
.00005 
.00005 
.00010 
.00020 
.00025 
.00050 
.00075 
.00090 
.00100 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elasticity-31,580,000 lb. 
persq.in. 

Elastic limit. 

Tensile strength. 


-.0003 









































Elongation after fracture, 0.42 in. in 2 in. = 21 per cent. 
Elongation of inch sections, 0.20* in., 0.22* in. 
Diameter at fracture, 0.36 in. 
Sectional area, 0.102 sq. in. 
Contraction of area, 49.1 per cent. 
Position of fracture, 1.25 m. from the neck. 
Appearance of fracture, fine silky. 
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BREECHBLOCKS FOR 4.7-INCH HOWITZER. 



Marks, 1177 F-2. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loa£per 
sqaare 
inch. 


In gauged length. 


Per hich. 


Remarks. 


Elonga- 


Set. 


Elongar 

ti^r 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
60,000 
55,000 
60.000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
118,600 


In. 

0. 
.0001 
.0014 
.0027 
.0029 
.0033 
.0036 
.0040 
.0041 
.0042 
.0043 
.0044 
.0044 
.0045 
.0046 
.0048 
.0050 
.0052 
.0056 
.0064 
.0074 
.0089 
.0106 


In. 

0. 
0. 


In. 

0. 

.oooa5 

.00070 
.00135 
.00145 
.00165 
.00180 
.00200 
.00205 
.00210 
.00215 
.00220 
.00220 
.00225 
.00230 
.00240 
.00250 
.00260 
.00280 
.00320 
.00370 
.00445 
.00530 


In. 
0. 
.00005 

.00065 
.00065 
.00010 
.00020 
.00015 
.00020 
.00005 
.00005 
.00005 
.00005 
.00000 
.00005 
.00005 
.00010 
.00010 
.00010 
.00020 
.00040 
.00050 
.00076 
.00085 


Initial load. 

30,000 to 60/)00 lb. per sq. in. 
Modulus of elasticity-31,680,000 lb. 
per sq. in. 

Elastic limit 
Tensile strength. 


0. 

















































Elongation after fracture, 0.38 in. in 2 in. = 19 per cent. 
Elongation of inch sections^ 0.25* in., 0.13 in. 
Diameter at fracture, 0.37 in. 
Sectional area. 0.108 sq. in. 
Contraction ol area, 46.2 per cent. 
Position of fracture, 1.20 in. from the neck. 
Appearance of fracture, fine silky. 



BREECHBLOCKS FOB 4.7-INCH HOWITZEB. 
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Marks, 1199-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. 
Gauged length, 2 in. 



in. 



ApDlied 
loads per 

men. 


In ganged length. 


Per inch. 


Remarks. 


Ekmga- 


Set. 


Elonga- 
tion. 


Suooessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 

67,000 
68,000 
60,000 
70,000 
108,000 


In. 

0. 
.0002 
.0015 
.0027 
.0032 
.0035 
.0036 
.0037 
.0038 
.0039 
.0040 
.0043 
.0047 
.0070 
.0124 
.0146 


In. 

0. 
.0001 


In. 
0. 
.00010 
.00075 
.00135 
.00160 
.00175 
.00180 
.00185 
.00190 
.00195 
.00200 
.00215 
.00235 
.00350 
.00620 
.00730 


In. 
0. 

.00010 
.00065 
.00060 
.00025 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00015 
.00020 
.00115 
.00270 
.00110 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-30,000,QOO lb. 
persq.in. 

Elastic limit. 

Tensfle strength. 


0. 



































Elongation after fracture, 0.47 in. in 2 in. = 23.5 per cent. 
Elongation of inch sections^ 0.14 in., 0.33* in. 
Diameter at fracture, 0.33 m. 
Sectional area. 0.086 sq. in. 
Contraction ol area, 57.2 per cent. 
Position of fracture, 1.08 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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BREECHBLOCKS FOB 4.7-INCH HOWITZEB. 



Marks, 1195-F. 
Diameter, 0.506 in. 
Sectional area, 0.201 sq. in. 
(jauged length, 2 in. 





In sanged kngtli. 


Ptt "*^* 


Bemaiks. 


"ST 


Sec 


"Sr 


SueeosHivc 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 

63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
106,000 


/». 

0. 

-.0001 
.0014 
.0028 
.0032 
.0035 
.0036 
.0037 
.0038 
.0039 
.0040 
.0041 
.0042 
.0044 
.0046 
.0054 
.0064 
.0120 


0. 
.0002 


a 

-.00006 

.00090 
.00140 
.00160 
.00175 
.00180 
.00186 
.00190 
.00196 
.00200 
.00205 
.00210 
.00220 
.00230 
.00270 
.00420 
.00600 


In. 

a 

-.00006 

.00075 
.00070 
.00020 
.00015 
.00006 
.00006 
.00006 
.00006 
.00006 
.00006 
.00005 
.00010 
.00010 
.00040 
.00150 
.00180 


IniUalkad. 

30,000 to 60,000 lb. per sq. in. 
Modulos of elasticity«2B,990,000 lb. ! 
persq.in. 

Elastic limit. 
Tensfle strength. 


a 







































Elongation after fracture, 0.47 in. in 2 in. = 23.5 per cent. 
Elongation of inch sections, 0.23 in., 0.24* in. 
Diameter at fracture, 0.35 in. 
Sectional area, 0.096 sq. in. 
Contraction of area, 51.9 per cent. 
Position of fracture, 1.25 in. from the neck. 
Appearance of fracture, fine siliy. 
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Marks, 119(>-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



kMMbper 
square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga. 


Set. 


Elonga- 
tion. 


SuooessiTe 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
109,500 


In, 

0. 

.0002 
.0015 
.0029 
.0033 
.0036 
.0037 
.0088 
.0039 
.0040 
.0041 
.0043 
.0046 
.0060 
.0063 
.0134 


In, 

0. 
0. 


In, 

0. 
.00010 
.00075 
.00145 
.00166 
.00180 
.00185 
.00190 
.00195 
.00200 
.00205 
.00215 
.00230 
.00250 
.00815 
.00670 


In, 
0. 
.00010 
.00065 
.00070 
.00020 
.00015 
.00005 
.00006 
.00005 
.00006 
.00005 
.00010 
.00015 
.00020 
.00065 
.00355 


Initial load. 

30,000 to 60,000 lb. per sq . in. 
Modulus of elasticity-!»,930,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 



































Elongation after fracture, 0.46 in. in 2 in. = 23 per cent. 
Elongation of inch sections^ 0.11 in., 0.35* in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Conti action of area, 57.2 per cent. 
Position of fracture, 0.82 in. from the neck. 
Appearance of fracture, fine silky. 
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BREECHBLOCKS FOR 4.7-INCH HOWITZER. 



Marks, 1196-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

fiich. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tioiT 


Successive 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,500 


In. 

0. 
.0003 
.0020 
.0034 
.0038 
.0042 
.0043 
.0044 
.0045 
.0046 
.0049 
.0063 
.0123 
.0144 
.0165 
.0184 


In. 

0. 
0. 


In. 

0. 
.00015 
.00100 
.00170 
.00190 
.00210 
.00215 
.00220 
.00225 
.00230 
.00245 
.00315 
.00615 
.00720 
.00825 
.00920 


In, 

0. 

.00015 
.00085 
.00070 
.00020 
.00020 
.00005 
.00005 
.00005 
.00005 
.00015 
.00070 
.00300 
.00105 
.00105 
.00095 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-27,270,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections^ 0.12 in., 0.36* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction ol area, 59.8 per cent. 
Position of fracture, 0.96 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1184-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

Inch. 


In ganged tength. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Soocessive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
107,000 


In. 

0. 
.0002 
.0018 
.0031 
.0035 
.0039 
.0039 
.0040 
.0041 
.0042 
.0043 
.0044 
.0045 
.0060 
.0129 
.0151 
.0171 


In. 
0. 

0. 


In. 
0. 

.00010 
.00090 
.00155 
.00175 
.00196 
.00195 
.00200 
.00205 
.00210 
.00215 
.00220 
.00225 
.00300 
.00645 
.00755 
.00855 


In. 
0. 

.00010 
.00060 
.00065 
.00020 
.00020 
.00000 
.00005 
.00006 
.00006 
.00005 
.00006 
.00005 
.00075 
.00345 
.00120 
.00100 


Initialload. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elastioity-'ls,930,000 lb. 
persq.m. 

Elastic limit. 
Tensile strength. 


0. 





































Elongation aft«r fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections^ 0.12 in., 0.36* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 0.90 in. from the neck. 
Appearance of fracture, fine silky* 
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BBEECHBL0CK8 FOB 4.7-INCH HOWITZSB. 



Marks, 1183-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Ghtnged length, 2 in. 





Ingragedkasth. 


VttbMA. 


Bemarks. 


Eloncft. 
SaST 


Set. 


EkHig»- 
tkm. 


SoMMitve 
eldbgatloo. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
104,500 


In. 
0. 

.0002 
.0018 
.0000 
.0034 
.0087 
.0037 
.0038 
.0039 
.0040 
.0041 
.0042 
.0043 
.0124 
.0212 
.0230 
.0246 


0. 

0. 


/«. 
0. 
.00010 

.00150 
.00170 
.00185 
.00185 
.00190 
.00196 
.00200 
.00205 
.00210 
,00215 
.00620 
.01060 
.01150 
.01230 


/«. 
0. 

.00010 
.00060 

.00060 
.00020 
.00015 
.00000 

:^ 

.00006 
.00005 
.00006 
.00006 

.00405 
.00440 
.00090 
.00060 


1 
Initjalloiid. 

30,000 to 60JOOO lb. per sq. in. 
Modulus on^bistiDity-31,580,000 lb. 
persq.in. 

Elastic UmH. 
Tensfle strength. 


0. 





































Elongation after fracture, 0.53 in. in 2 in. = 26.5 per cent. 
Elongation of inch sections^ 0.37* in., 0.16 in. 
Diameter at fracture, 0.31 m. 
Sectional area. 0.075 sq. in. 
Contraction oi area, 62.3 per cent. 
Position of fracture, 1.15 m. from the neck. 
Appearance of fracture, fine silky, serrated. 
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Marks, 1180-F. 
Diameter, 0.606 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



laa£per 
square 


In gauged length. 




Remarks. 


Elonga- 
tion. 


Set. 


tfon. 


Soooessive 
ekxne^Uion. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
106,000 


In. 
0. 
.0008 
.0021 
.0035 
.0038 
.0039 
.0039 
.0040 
.0041 
.0042 
.0043 
.0044 
.0046 
.0050 
.0056 
.0111 
.0136 


In. 

0. 

0. 


In. 
0. 

.00015 
.00105 
.00175 
.00190 
.00195 
.00195 
.00200 
.00205 
.00210 
.00215 
.00220 
.00230 
.00250 
.00280 
.00555 
.00680 


In. 
0. 

.00015 
.00090 
.00070 
.00015 
.00005 
.00000 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00020 
.00090 
.00275 
.00125 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity--^,930,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.60 in. in 2 in. =25 per cent. 
Elongation of inch sections^ 0.36* in., 0.14 in. 
Diameter at fracture, 0.33 m. 
Sectional area. 0.086 sq. in. 
Contraction ot area, 57.2 per cent. 
Position of fracture, 1.18 m. from the neck. 
Appearance of fracture, fine silky. 
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BBEEGHBLOGKS FOE 4.1-INCH HOWITZER. 



Marks, 1179-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
inch. 


In ganged tength. 


PerbMsh. 


Remarks. 


Ekmga- 


Set. 


=S5r 


Snooessfve 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
105,000 


In, 
0. 

.0002 
.0019 
.0083 
.0036 
.0089 
.0040 
.0041 
.0042 
.0043 
.0043 
.0132 
.0162 
.0183 
.0198 


In. 

0. 

0. 


In, 

0. 

.00010 
.00095 
.00165 
.00180 
.00195 
.00200 
.00205 
.00210 
.00215 
.00215 
.00660 
.00610 
.00915 
.00990 


In, 
0. 

.00010 
.00065 
.00075 
.00015 
.00015 
.00005 
.00005 
.00005 
.00005 
.00000 
.00445 
.00150 
.00105 
.00076 


Initialload. 

30,000 to WfiOQ lb. per sq. in. 
Modulus of elasticity-30,000,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 

































Elongation after fracture, 0.51 in. in 2 in. =25.5 per cent. 
Elongation of inch sections^ 0.14 in., 0.37* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 1.07 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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Marks, 1178-F. 
Diameter, 0.606 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



kxMbper 


In gauged tength. 


Perinoh. 


Remarks. 


Elonga- 


Set. 


Elonga- 


Saooessiye 
ekxngation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
07,000 
68,000 
60,000 
70,000 
71,000 
108,000 


In, 
0. 
.0002 

.0016 
.0080 
.0033 
.0036 
.0037 
.0038 
.0030 
.0040 
.0041 
.0042 
.0044 
.0053 
.0084 
.0112 
.0136 


In, 

0. 

0. 


In, 
0. 

.00010 
.00060 

.00150 

.00165 

.00180 

.00185* 

.00190 

.00105 

.00200 

.00206 

.00210 

.00220 

.00265 

.00420 

.00560 

.00680 


In, 
0. 

.00010 
.00070 
.00070 
.00015 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00045 
.00155 
.00140 
.00120 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticTty-30,000,000 lb. 
per sq. in. 

Elasticlimit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.46 in. in 2 in. = 22.6 per cent. 
Elongation of inch sections, 0.10 in., 0.35* in. 
Diameter at fracture, 0.34 in. 
Sectional area. 0.091 sq. in. 
Contraction oi area, 64.6 per cent. 
Position of fracture, 0.80 m. from the neck. 
Appearance of fracture, fine silky, cup shaped* 
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BREECHBLOCKS FOB 4.7-INCH HOWITZEB. 



Marks, 1177-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion.- 


Set. 


Elonga- 
tion. 


Successive 
el(mgation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
107,500 


In. 
0. 
.0002 
.0016 
.0029 
.0033 
.0034 
.0034 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0044 
.0047 
.0054 
.0069 
.0114 
.0134 


In. 
0. 
0. 


In. 
0. 

.00010 
.00080 
.00145 
.00165 
.00170 
.00170 
.00175 
.00180 
.00185 
.00190 
.00195 
.00205 
.00220 
.00235 
.00270 
.00345 
.00570 
.00670 


In. 
0. 

.00010 
.00070 
.00065 
.00020 
.00005 
.OOtXX) 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00015 
.00015 
.00035 
.00075 
.00225 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-28,930,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 









































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Elongation of inch sections, 0.36* in., 0.14 in. 
Diameter at fracture, 0.33 in. 
Sectional area, 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 1.10 in. from the neck. 
Appearance of fracture, fine silky. 
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Marks, 1202-F. 
Diameter, 0.604 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
mCh. 


In gauged kogth. 


Per inch. 


Remarks. 


Elonga- 


Set. 


Elonga- 


Suooessiye 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,a» 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
108,500 


In. 
0. 

.0002 
.0015 
.0030 
.0035 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0044 
.0046 
.0048 
.0053 
.0057 
.0076 
.0114 
.0137 
.0157 


In. 

0. 

0. 


In, 
0. 

.00010 
.00075 
.00150 
.00175 
.00175 
.00180 
.00185 
.00190 
.00196 
.00206 
.00220 
.00230 
.00240 
.00265 
.00285 
.00380 
.00570 
.00685 
.00786 


In, 
0. 
.00010 
.00065 
.00075 
.00025 
.00000 
.00005 
.00005 
.00005 
.00005 
.00010 
.00015 
.00010 
.00010 
.00025 
.00020 
.00095 
.00190 
.00115 
.00100 


Initialload. 

30,000 to 60,000 lb. per sa. in. 
Modulus of elasticity-25,000,000 lb. 
persq.in. 

Elastic limit 
TonsHe strength. 


0. 






























* 













Elongation after fracture, 0.46 in. in 2 in. = 23 per cent. 
Elongation of inch sections^ 0.26* in., 0.20 in. 
Diameter at fracture, 0.36 in. 
Sectional area. 0.102 sq. in. 
Contraction oi area, 49.1 per cent. 
Position of fracture, at middle of length. 
Appearance of fracture^ fine silky. 
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BBEBGHBLOOKS FOB 4.7-INCH HOWITZBB. 



Marks, 1201-F. 
Diameter, 0.502 in. 
Sectional area, 0.198 sq. in. 
Gauged length, 2 in. 



loacbper 
square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
ekmgation. 


Lh, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
107,500 


In. 
0. 
.0003 
.0022 
.0087 
.0041 
.0045 
.0046 
.0047 
.0048 
.0050 
.0053 
.0059 
.0075 
.0121 
.0165 


In. 

0. 

0. 


In, 
0. 
.00015 
.00110 
.00185 
.00205 
.00225 
.00230 
.00235 
.00240 
.00250 
.00265 
.00295 
.00375 
.00605 
.00825 


In. 

0. 
.00015 
.00095 
.00075 
.00020 
.00020 
• .00005 
.00005 
.00005 
.00010 
.00015 
.00030 
.00080 
.00235 
.00220 


Initial load. 

30.000 to 60.000 lb. per so. in. 
Modulus of elasticity-26.080.000 lb. 
persq. in. 

Elastic limit. 
Tensile strength. 


0. 

































Elongation after fracture, 0.50 in. in 2 in. ==25 per cent. 
Elongation of inch sections^ 0.18 in., 0.32* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction ol area, 57.2 per cent. 
Position of fracture, 1.25 in. from the neck. 
Appearance of fracture, fine silky. 



BBBBGHBL00K8 FOB i.t-IKOH HOWITZSB. 
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Marks; 1194-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



square 
tach. 


In gauged tength. 


Per inch. 


Bemarks. 


Elonga- 
tkaiT 


Set. 


Elonga- 


SoooessWe 
elflngfttfam. 


Lb. 
1,000 
5,000 
ao,flOO 
^,000 
J55,O0O 
60,000 

ai,ooo 

gr 

H€00 
65,000 
66,000 
67,000 
6"^, 000 
69,000 
70, €00 
71,000 
IDS, .500 


In. 

0. 

.0002 
.0017 
.0088 
.0037 
.0040 
.0041 
.0042 
.0042 
.0043 
.0044 
.0046 
.0048 
.0053 
.0068 
.0102 
.0134 


In. 

0. 

a 


In. 
0. 

.00010 
.00065 

.00165 
.00186 
.00200 

.00206 
.00210 
.00210 
.00215 

.00230 
.00240 
.00268 
.00340 
.00510 
.00670 


In. 
0. 

.00010 

.00075 
.00080 

.e>oo20 

.00016 

.00006 
.00006 
.00000 
.00006 

.mm 

.00010 
.00010 
.00020 
.00075 
.00170 
.00160 


Initial load. 

30,000 to 60,000 lb. ptf sq. in. 
Modulus of ela8tieit7«26,080,000 R>. 
persq.in. 

Elastlo limit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.43 in. in 2 in. = 21.5 per cent. 
Elongation of inch sections^ 0.09 in., 0.34* in. 
Diameter at fracture, 0.34 in. 
Sectional area. 0.091 sql in. 
Contraction of areas, 54.6 per cent. 
Position of fracture, 0.78 in. from the neck. 
Appearance of fracture, fine silky. 

5994**— H. Doc. 404, 6^-2 3 
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BBBBCHBLOCKS FOB 4.7-INCH HOWITZEB. 



Marks, 1193-F. 
Diameter, 0.503 in. 
Sectional area, 0.199 sq. in. 
Grauged length, 2 in. 



square 
inch. 


In gauged length. 


Per inch. 


Bemarks. 


Ekmga. 


Set. 


Ekmga- 


Smrnessive 
ekmgotion. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
6^000 
70,000 
106,000 


In. 
0. 
.0002 
.0016 
.0029 
.0033 
.0037 
.0038 
.0039 
.0040 
.0041 
.0043 
.0045 
.0049 
.0054 
.0079 
.0113 


In. 

0. 

0. 


In. 
0. 

.00010 
.00060 

.00145 
.00165 
.00185 
.00190 
.00195 
.00200 
.00205 
.00215 
.00225 
.00245 
.00270 
.00396 
.00665 


In. 
0. 

.00010 
.00070 
.00006 
.00020 
.00020 
.00005 
.00005 
.00005 
.00006 
.00010 
.00010 
.00020 
.00025 
.00125 
.00170 


Initialload. 

30,000 to 60JOOO lb. per sq. in. 
Modulus of elasticit7i«28,930,000 lb. 
persq.in. 

Elastic limit. 
Tensfle strength. 


0. 




































Elongation after fracture, 0.46 in. in 2 in. = 22.5 per cent. 
Elongation of inch sections, 0.34* in., 0.11 in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction of area, 67.2 per cent. 
Position of fracture, 0.80 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 



BREECHBLOCKS FOB 4.7-INCH HOWITZBB. 
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Marks, 1188-F. 
Diameter, 0.602 in. 
Sectional area, 0.198 sq. in. 
Gauged length, 2 in. 



square 
inch. 




Perinch. 


Remarics. 


Elonga- 


Set. 


"^SST 


Saooessive 
eloiigation. 


Lb. 

1,000 
5,000 
30,000 
60,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
105,600 


In. 
0. 
.0002 
.0017 
.0031 
.0035 
.0039 
.0040 
.0042 
.0044 
.0048 
.0056 
.0095 
.0155 
.0171 


In. 

0. 

0. 


In. 
0. 

.00010 
.00085 
.00155 
.00175 
.00195 
.00200 
.00210 
.00220 
.00240 
.00280 
.00475 
.00775 
.00855 


In. 

0. 

.00010 
.00075 
.00075 
.00020 
.00020 
.00006 
.00010 
.00010 
.00020 
.00040 
.00195 
.00300 
.00080 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elastiDity-27,270,000 lb. 
persqlin. 

Elastic limit. 
Tensile strength. 


0. 































Elongation after fracture, 0.50 in. in 2 in. = 25 per cent. 
Mongation of inch sections^ 0.39* in., 0.11 in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.02 in. from the neck. 
Appearance of fracture, fine silky. 
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BREECHBLOCKS FOR 4.7-INOH HOWITZER. 



Marks, 1187-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



square 
inch. 


In gauged loDglh. 


Perinofa. 


Remarks. 


Elonga- 
tion. 


fiet. 


Elonga- 
tion. 


Successive 
dongatkm. 


Lb, 
1,000 

30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,500 


In. 
0. 

.0001 
.0016 
.0029 
.0033 
.0036 
.0037 
.0037 
.0038 
.0039 
.0042 
.0060 
.0104 
.0151 
.0167 
.0185 


In. 

0. 

0. 


In. 
0. 
.00006 

.00060 
.00145 
.00166 
.00180 
.00185 
.00185 
.00190 
.00195 
.00210 
.00250 
.00520 
.00755 
.00635 
.00925 


In. 
0. 

.00005 
.00075 
.00065 
.00020 
.00015 
.00005 
.00000 
.00005 
.00006 
.00015 
.00040 
.00270 
.00235 
.00080 
.00000 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-30,000,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.50 in. in 2 in. =25 per cent. 
Elongation of inch sections, 0.15 in., 0.35* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction ol area, 59.8 per cent. 
Position of fracture, 1.13 m. from the neck. 
Appearance of fracture, fine silky, cup shaped. 



BBEEGHBLOCES FOB.4.7-IKCH HOWITZiBB. 
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MarkB, 1204-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
mch. 


In gauged length. 


Per inch. 


BemarkB. 


Elonga- 
SonT 


Set. 


EkmgA- 


SnooessiTe 

AlmipiHftn 


Lb. 
5,000 

ao.ooo 

50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68.000 
60,000 
70,000 
71,000 
106,000 


In. 
0. 
.0008 
.0019 
.0088 
.0036 
.0039 
.0030 
.0040 
.0041 
.0041 
.0042 
.0043 
.0044 
.0066 
.0125 
.0156 
.0168 


In. 

0. 

0. 


In. 
0. 

.00010 
.00000 

.00166 
.00180 
.00196 
Am96 
.00200 
00206 
.00206 
JJ0210 
.00215 

1 00780 
.OOSIO 


In. 
0. 

.00010 
.OQO§0 
.00076 
.00015 
.00016 
.00000 
.00005 
.00005 
,00000 
.00006 
.00O0& 
.00009 
.00000 
.00(M£ 
.00155 
.00030 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elastioity«ls,930/X)0 lb. 
porsq.in. 

Elastic limit. 
Tensile strength. 


0. 





































Elongation after fracture, 0.46 in. in 2 in. =23 per cent. 
Elongation dMnch sections, 0.36* in., 0.10 in. 
Diameter at frSbture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction of area, 67.2 per cent. 
Position of fracture, 0.74 in. from the neck. 
Appearance of fracture, fine sil^, cup shaped. 
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BBBBCHBLOOKS FOB 4.7-INCH HOWITZBB. 



Marks, 1203-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



Apnlied 

loads per 

square 

inch. 


In gauged tength. 


Per inch. 


Remarks. 


Ekmga. 


Set. 


uon. 


Successive 
elongation. 


Lb, 
1,000 
5,000 
90,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
107,500 


In, 

0. 
.0002 
.0019 
.0033 
.0037 
.0040 
.0041 
.0042 
.0043 
.0044 
.0045 
.0046 
.0056 
.0117 
.0160 
.0173 


In. 

0. 

0. 


In, 
0. 

.00010 
.00005 
.00165 
.00185 
.00200 
.00205 
.00210 
.00215 
.00220 
.00225 
.00230 
.00280 
.00585 
.00600 
.00665 


In. 
0. 

.00010 
.00065 
.00070 
.00020 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00050 
.00305 
.00215 
.00065 


Initialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-28,930,000 lb. 
persq.ln. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.50 in. in 2 in. =25 per cent. 
Elongation of inch sections, 0.33* in., 0.17 in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.20 in. from the neck. 
Appearance of fracture, fine silky. 



BBEECHBL0CK8 FOB 4.7-INCH HOWITZBB. 
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Marks, ai98-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



ApDlied 

loads per 

square 

fcoh. 


In ganged kogth. 


Per inch. 


Remarks. 


Ekmga- 


fiet. 


Elonga- 


Soooessiye 
ekm^ition. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
109,500 


In. 
0. 

.0002 
.0017 
.0030 
.0033 
.0036 
.0037 
.0037 
.0038 
.0039 
.0040 
.0041 
.0042 
.0042 
.0056 
.0113 
.0135 
.0155 


In. 

0. 
0. 


In. 
0. 

.00010 
.00065 

.00150 
.00165 
.00180 
.00185 
.00185 
.00190 
.00195 
.00200 
.00205 
.00210 
.00210 
.00280 
.00565 
.00675 
.00775 


In. 
0. 

.00010 
.00075 
.00066 
.00015 
.00015 
.00005 
.00000 
.00005 
.00005 
.00005 
.00005 
00005 
.00000 
.00070 
.00285 
.00110 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8tidty-31,580,000 lb. 
* per sq. in. 

Elastic Umit. 
TensUe strength. 


a 







































Elongation after fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections^ 0.33* in., 0.15 in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 1.20 in. from the neck. 
Appearance of fracture, fine silky. 
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BBBECHBLOCKS FOB 4.7-INGH HOWITZEB. 



Marks, 1197-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Oauged length, 2 in. 



lo^per 
square 
inch. 


In gauged length. 


Perindi. 


Remarks. 


Elongftr 
tion. 


Set. 


Elonga- 


SuooesslTO 


Lb. 
1,000 
6,000 
30,000 
50,000 
65,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,500 


In, 
0. 
.0001 
.0016 
.0080 
.0033 
.0036 
.0037 
.0038 
.0038 
.0030 
.0040 
.0041 
.0045 
.0063 
.0088 
.0167 


. In, 
0. 
0. 


In. 
0. 

.00006. 
.00060 
.00150 
.00166 
.00180 
.00186 
.00190 
.00190 
.00196 
.00200 
.00205 
.00226 
.00265 
.00440 
.00636 


In. 
0. 

.00005. 
.00075 
.00070 
.00016 
.00015 
.00005 
.00006 
.00000 
.00006 
.00005 
.00006 
.00020 
.00040 
.00175 
.00396 


Initlalload. 

30,000 to 60,000 lb. per sq in. 
Modulus of elastldty-30,000,000 lb. 
persq.in. 

ElasUc limit. 
Tensile strength. 


a 



































Elongation after fracture, 0.51 in. in 2 in. = 25.5 per cent. 
Elongation of inch sections^ 0.20 in., 0.31* in. 
Diameter at fracture, 0.32 m. 
Sectional area. 0.080 sq. in. 
Contraction of area, 59.8 per cent. 
Position of fracture, 1.20 m. from the neck. 
Appearance of fracture, fine silky. 



BBEECHBLOOKS FOB 4.7-INCH HOWITZEB. 
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Marks, 1192-F. 
Diameter, 0.502 in. 
Sectional area, 0.198 sq. in. 
Ganged length, 2 in. 



loa£per 
square 


In gauged length. 


Per inch. 


Remarks. 

- 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Suocsesslve 
elongation. 


Lb, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
107,100 


In. 
0. 

.0002 
.0019 
.0033 
.0036 
.0039 
.0039 
.0040 
.0041 
.0042 
.0044 
.0050 
.0079 
.0118 
.0141 
.0164 


In. 

0. 
0. 


In, 
0. 

.00010 
.00095 
.00165 
.00180 
.00195 
.00195 
.00200 
.00205 
.00210 
.00220 

.00395 
.00590 
.00705 
.00620 


In, 
0. 

.00010 
.00065 
.00070 
.00015 
.00015 
.00000 
.00005 
.00005 
.00005 
.00010 
.00030 
.00145 
.00195 
.00115 
.00115 


Initial load. 

30,000 to 60.000 lb. per sq. in. 
Modulus of elastidty-30,000,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.48 in. in 2 in. = 24 per cent. 
Elongation of inch sections, 0.12 in., 0.36* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction of area, 56.6 per cent. 
Position of fracture, 0.92 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 
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BBBBOHBLOOKS FOB 4.7-INOH HOWITZEB. 



Marks, 1191-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loacuper 
square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


U. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68 000 
69,000 
70,000 
108,500 


In. 
0. 

.0003 
.0018 
.0031 
.0034 
.0038 
.0039 
.0040 
.0040 
.0041 
.0042 
.0044 
.0050 
.0068 
.0113 
.0134 


In. 
0. 
0. 


In. 
0. 

.00015 
.00090 
.00155 
.00170 
.00190 
.00195 
.00200 
.00200 
.00205 
.00210 
.00220 
.00250 
.00340 
.00565 
.00670 


In. 
0. 

.00015 
.00075 
.00065 
.00025 
.00020 
.00005 
.00005 
.00000 
.00005 
.00005 
.00010 
.00030 
.00090 
.00225 
.00105 


Initialload. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-30,000,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 



































Elongation after fracture, 0.46 in, in 2 in. =23 per cent. 
Elongation of inch sections, 0.13, 0.33* in. 
Diameter at fracture, 0.34 in. 
Sectional area. 0.091 sq. in. 
Contraction oi area, 54.6 per cent. 
Position of fracture, 1 in. from the neck. 
Appearance of fracture, fine sil^. 



BBBECHBLOCKS FOB 4.7-INCH HOWITZSB. 



43 



Marks, 1186-F. 
Diameter, 0.506 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loacbper 
square 
nich. 


In gauged kngth. 


Fwinoii. 


RemarkB. 


"^ssr 


Set 


^sssr 


ekmgatkm. 


U, 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 

71,000 
106,500 


In. 
0. 
.0002 
.0016 
.0029 
.0033 
.0036 
.0037 
.0038 
.0089 
.0040 
.0041 
.0042 
.0044 
.0054 
.0069 
.0096 
.0133 


In. 
0. 
0. 


In, 
0. 

.00010 
.00060 
.00145 
.00165 
.00160 
.00185 
.00190 
.00195 
.00200 
.00205 
.00210 
.00220 
.00270 
.00345 
.00480 
.00665 


In, 
0. 

.00010 
.00070 
.00065 
.00020 
.00015 
.00005 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00060 
.00075 
.00135 
.00186 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modohis o! eiastidty-)0,000,000 lb. 
persq.in. 

Elastio limit. 
Tensile strength. 


0. 





































£longati<m after fracture, 0.44 in. in 2 m.^22 per cent. 
Elongation of inch sections, 0.09 in., 0.35* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 0.75 in. from the neck. 
Appearance of fractiure, fine siUrjr. 
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BBBBOHBLOOKS FOB 4.7-INOH HOWITZJJB. 



Marks, 1186-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

inch. 


In gauged length. 


Perinoh. 


Remarks. 


Elonga- 

ti^r 


Set. 


Ekmgfr- 
tkm. 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
106,500 


In. 

a 

.0002 
.0017 
.0031 
.0035 
.0038 
.0039 
.0040 
.0041 
.0041 
.0042 
.0043 
.0044 
.0045 
.0097 
.0170 
.0200 


In. 
0. 
0. 


In. 
0. 

.00010 
.00085 

JKU65 
.00176 

,0f)l90 
.00195 
.[X>200 
.rJ0395 

.mm 

.00310 

.00220 
' 00325 
.00486 
OOSfiO 
.011)00 


In. 
0. 

.00010 
.00075 
.00075 
.00020 
.00015 
.00005 
.0000^ 
.00005 
.00000 
.00005 
.0000^ 
.00005 
.00005 
.0O2Q0 
.00365 
.00150 


Initial load. 

30,000 to 60.0001b. per sq. in. 
Modulus oT elasticity-28,030/)00 lb. 
per sq. In. 

Elastic limit. 
TensUe strength. 


0. 





































Stexxgation after fracture> 0.51 in. in 2 in. = 25.5 per cent. 
Elongation of inch sections, 0.14 in., 0.37* in. 
Diameter at fracture, 0.32 in. 
Sectional area. 0.080 sq. in. 
Contraction oi area, 59.8 per cent. 
Position of fracture, 1.02 m. from the neck. 
Appearance of fracture, fine silky. 



BBBEGHBLOCKS FOB 4.7-IKCH HOWITZBB. 
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Marks, 1182-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
inch. 


In gauged kogth. 


Per inch. 


Remarks. "J 


Elonga. 


Set. 


"^ssr 


SHooessiv© 
flIOogatioB. 


Lb, 
1,000 
6,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,500 


In, 

0, 
.0002 
.0016 
.0027 
.0032 
.0035 
.0036 
.0037 
.0038 
.0039 
.0041 
.0060 
.0061 
.0110 
.0134 
.0154 


In, 

0. 
0. 


In, 

a 

.00010 
.00076 
.00135 
.00160 
.00178 
.00180 
.00186 
.00190 
.00196 
.00206 
.00250 
.00906 
.00650 
.00670 
.00770 


In. 
0. 

.00010 
.00066 
.00066 
.00085 
.00016 
.00005 
•00006 
. .00006 
.00006 
.00010 
.00046 
.00065 
.00245 
.00120 
.00100 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modolus of ela8ticit7-30/n0,000 lb. 
persq.in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.49 in. in 2 in. =24.5 per cent. 
Elongation of inch sections, 0.36* in., 0.13 in. 
Diameter at fracture, 0.34 in. 
Sectional area, 0.091 sq. in. 
Contraction of area, 64.6 per cent. 
Position of fracture, 1.10 in. from the neck. 
Appearance of fracture, fine silky, cup shaped. 



46 



BBEECHBLOCKS FOB 4.7-INOH HOWITZBB. 



Marks, 1181-F. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 





In8U]0Bdl8BCtb. 


Terfnch. 


Bemaiks. 


Elongft- 


Set. 


%r 


fljonptooifc 


Lb. 
1,000 
6,000 
30,000 
60,000 
65,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
110,500 


In. 
0. 
.0004 

.0024 
.0039 
.0042 
.0045 
.0046 
.0047 
.0048 
.0049 
.0060 
.0052 
.0065 
.0060 
.0009 
.0120 
.0145 


In, 

0. 

0. 


In. 
0. 
.00020 
.00120 
.00195 
.00210 
.00226 
.00230 
.00235 
.00240 
.00246 
.00250 
.00260 
.00275 
.00300 
.00345 
.00600 
.00725 


In. 
0. 
.00020 
.00100 
.00075 
.00015 
.00015 
.00006 
.00005 
.00006 
.00006 
.00006 
.00005 
.00015 
.00025 
.00045 
.00256 
.00125 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of ela8tioity-28,030,000 lb. 
persq-in. 

Elastic limit. 
Tensile strength. 


.0002 





































Elongation after fracture, 0.46 in. in 2 in. =23 per cent. 
Elongation of inch sections, 0.12 in., 0.34* in. 
Diameter at fracture, 0.33 in. 
Sectional area. 0.086 sq. in. 
Contraction of area, 57.2 per cent. 
Position of fracture, 0.90 m. from the neck. 
Appearance of fracture, fine silky. 



BREECHBLOCKS FOR 4.7-INCH HOWITZER. 
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Marks, 1200 F T. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



loa(bper 
sbuare 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion: 


Successive 
elongation. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
105,500 


In. 
0. 

.0002 
.0016 
.0030 
.0035 
.0039 
• .0040 
.0041 
.0042 
.0042 
.0043 
.0044 
.0069 
.0130 
.0174 
.0195 


In. 

0. 

0. 


In. 
0. 
.00010 
.00080 
.00150 
.00175 
.00195 
.00200 
.00205 
.00210 
.00210 
.00215 
.00220 
.00345 
.00650 
.00870 
.00975 


In. 
0. 
.00010 
.00070 
.00030 
.00025 
.00020 
.00005 
.00005 
.00005 
.00000 
.00005 
.00005 
.00125 
.00305 
.00220 
.00105 


Initial load. 

30,000 to 60,000 lb. per sq. In. 
Modulus of elasticity- 26,080,000 lb 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 



























, 









Elongation after fracture, 0.36 in. in 2 in. = 18 per cent. 
Elongation of inch sections, 0.24* in., 0.12 in. 
Diameter at fracture, 0.43 in. 
Sectional area, 0.145 sq. in. 
Contraction of area, 27.4 per cent. 
Position of fracture, 1.04 in. from the neck. 

Appearance of fracture, fine granular, 30 per cent; lamellar, 70 per 
cent. 
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BBEEOHBLOOKS FOB 4.7-INOH HOWITZEB. 



Marks, 1200 F L. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



square 
inch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 


Set. 


Elonga- 
tion. 


Successive 
elongation. 


U. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
106,000 


In. 
0. 

.0002 
.0017 
.0090 
.0033 
.0036 
.0037 
.0038 
.0039 
.0039 
.0040 
.0041 
.0183 
.0204 
.0212 
.0229 


In. 

0. 

0. 


In. 
0. 

.00010 
.00085 
.00150 
.00165 
.00180 
.00185 
.00190 
.00195 
.00195 
.00200 
.00206 
.00915 
.01020 
.01060 
.01145 


In. 
0. 

.00010 
.00075 
.00065 
.00015 
.00015 
.00005 
.(NNNK) 
.00006 
.00000 
.00005 
.00005 
.00710 
.00105 
.00040 
.00085 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity- 31^80,000 lb. 
per sq. in. 

Elastic limit. 


0. 


























Tensile strength. 













Elongation after fracture, 0.51 in. in 2 in. = 25.5 per cent. 

Elongation of inch sections, 0.13, 0.38* in. 

Diameter of fracture, 0.32 in. Sectional area, 0.080 sq. in. 

Contraction of area, 59.8 per cent. 

Position of fracture, 1.01 in. from the neck. 

Appearance of fracture, fine silky. 



BREEOHBLOCKS FOB 4.7-INGH HOWITZEB, 



49 



Marks, 1189 FT. 
Diameter, 0.506 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Applied 

loads per 

square 

mch. 


In gauged length. 


Per inch. 


Remarks. 


Elonga- 


Set. 


Elonga- 


€lon^ti(m. 


Lb. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
107,000 


In. 

0. 

.6002 
.0018 
.0033 
.0038 
.0041 
.0041 
.0042 
.0043 
.0044 
.0046 
.0056 
.0065 
.0089 
.0115 
.0140 


In. 


In. 

0. 
.00010 
.00090 
.00165 
.00190 
.00205 
.00205 
.00210 
.00215 
.00220 
.00230 
.00280 
.00325 
.00445 
.00575 
.00700 


In. 
0. 
.00010 
.00080 
.00075 
.00025 
.00015 
.00000 
.00006 
.00005 
.00005 
.00010 
.00060 
.00045 
.00120 
.00130 
.00125 


Initial load. 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticit7*-26,080,000 lb. 
per sq. in. 

Elastic limit. 
Tensile strength. 


0. 



































Elongation after fracture, 0.34 in. in 2 in. = 17 per cent. 
Elongation of inch sections, 0.13, 0.21* in. 
Diameter of fracture, 0.43 in. Sectional area, 0.145 sq. in. 
Contraction of area, 27.4 per cent. 
Position of fracture, 1.16 ui. from the heck. 

Appearance of fracture, fine granular, 60 per cent; lamellar, 40 
per cent. 

5994*— H. Doc. 404, 63-2 i 
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BREECHBLOCKS FOB 4.7-INCH HOWITZER, 



Marks, 1189 FL. 
Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Test 414. 



loacuper 
square 
lich. 


In gauged kogth. 


Per inch. 


Ilemarks. 


Elonga- 


Set. 


EkMiga- 


elongation. 


U. 
1,000 
5,000 
30,000 
50,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
60,000 
67,000 
68,000 / 
60,000 
70,000 
108,000 


In, 

0. 

.0003 
.0020 
.0034 
.0037 
.0041 
.0042 
.0043 
.0044 
.0045 
.0046 
.0048 
.0057 
.0068 
.0124 
.0149 


In. 

0. 

0. 


In. 
0. 
.00015 
.00100 
.00170 
.00185 
.00205 
.00210 
.00215 
.00220 
.00225 
.00230 
.00240 
.00285 
.00440 
.00620 
.00745 


In. 
0. 

.00015 
.00085 
.00070 
.00015 
.00020 
.00005 
.00005 
.00005 
.00005 
.00005 
.00010 
.00045 
.00155 
.00180 
.00125 


1 
Initial load. | 

30,000 to 60,000 lb. per sq. in. 
Modulus of elasticity-%,930,000 lb. 
per sq. in. 

Elastic limit. 

Tensile strength. 


0. 






















'^ 













Elongation after fracture, 0.57 in. in 2 in. = 28.5 per cent. 
Elongation of inch sections^ 0.33* in., 0.24 in. 
Diameter at fracture, 0.34 in. Sectional area, 0.091 sq. in. 
Contraction of area, 54.6 per cent. 
Position of fracture, 1.05 in. from the neck. 
Appearance of fracture, fine silky. 



STEEL COLUMNS. 
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STEEL COLUMNS. 









;r^5%^^f;%-i. 




^S^ffAl 



No. 418. 

Built I column, 60;000 lb. carbon steel. 

Pin ends. 

Length of column « 216.32 in. = 18 ft. 0.32 in. 

Length from center to center of pins = 225.02 in. = 18 ft. 9.02 in. 

Weight = 579 lbs. 

Sectional area = 9.066 sq. in. 

Gauged lei^hs as per fig. 1. 

Counterweighted at middle. 

No. 419. 

Built I column, 60,000 lbs. carbon steel. 

Pin ends. 

Length of column = 216.30 in. = 18 ft., 0.30 in. 

Length from center to center of pins = 225 m. = 18 ft., 9 in. 

Weight = 574 lbs. 

Sectional area = 8.985 sq. in. 

Gauged lengths as per Fig. 1. 

Coimterweighted at middle. 
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MODEL BBEECH BUSHINGS. 

7TS. Conical jacket and phig, plunger slightly crowned. 
HARDNESS. 



Plug. 


Jacket. 


Shore. 


BrineU's. 


Shore. 


BrineU's. 


37.5 


228 


37 


207 



Load. 


X. 


Y.* 




Lh». 



25,000 

50,000 

75,000 

100^000 

125,000 

150,000 

175.000 

200,000 

225,000 

250,000 

275,000 

300,000 

325,000 

350,000 

375,000 

400,000 

425,000 

450,000 

475,000 

500,000 

525,000 

Jacket aga 

maehine 


3.76 
3.76 
3.75 
3.75 
8.75 
3.76 
3.75 
3.76 
3.75 
3.76+ 
3.75+ 
3.75+ 
3.75+ 
3.75+ 
3.75+ 
3.76- 
3.76 
3.76+ 
3.76+ 
3.77 
3.78 
3.80 
jn placed 
, at 524,30C 




Plug slightiy crowned. 

Plug indented by plunger. 
Plug crowned more. 

Plug crowned still more. 

Diameter over reinforcing ring, 5.25 in. 
Sheared the thread In ia^et and pushed the plug out of jacket, 
shown in photograph "7." / 


as 






































3.76 

3.77+ 

3.78 

tn testing 

Hbs. 



Maximum diameter over reinforcing ring, 5.26 inches. 
Minimum diameter over reinforcing ring, 5.25 inches. 
♦The column ^'Y" refers to the depth marked ^'Y" in fig. 1. 



MODEL BBEECH BUSHINGS. 
ITA' Cylindrical jacket and pluQy plunger slightly crovmed. 
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Plug. 


Jacket. 


Shore. 


BrineU's. 


Shore. 


BrineU's. 


37 


228 


37.5 


212 



Load. 


X. 


Y. 


- 


Lb, 


25,000 
50,000 
75,000 
100,000 
125,000 
150,000 
175,000 
200,000 
225,000 
250,000 
275,000 
300,000 
325,000 
350,000 
375,000 
400,000 
425,000 
450,000 
467,700 


3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.75 

3.76 

3.75+ 

3.75+ 

3.75+ 

3.75+ 

3.76- 

3.76- 

3.76+ 




Diameter of jacket and plug end, 4.24 in. 

Plug dightly crowned. 

Plug indented sUghtiy by plunger. 

Plug crowned more. 

Joint between jacket and plug opening. 
Ultimate strength. 




































3.76 







Sheared the thread iu jacket and pushed plug out a Httle, as shown 
in photograph 8. * 

Maximum diameter of jacket at the plug end, 4.37 inches. 

Minimum diameter of jacket at the plug end, 4.30 inches. 

At 176,200 lbs. the plug started and was pushed out about 0.45 
inch, as shown in photograph 9. 

At 2,500 lbs. plug started and was pushed out of jacket, as shown 
in photograph 10. 

In all cases, except that of C, the tendency of shearing the threads 
was apparent, and m the cases of 7T3 and 7T4 this was the method 
of failure. Failure occurred in A, B, C, and D by the fracture of the 
jackets^ due, undoubtedly, to the condition of the metal. Photo- 
graph 5 shows the shearing of the threads in model " B.'' The photo- 
graphs of 7T3 and 7T4 in which the stripped threads appear show 
that the thread from the conical jacket was sheared much nearer the 
base of the thread than was true in the case of the thread of the 
cylindrical jacket, indicating that these* threads were more firmly in 
mesh at the time of the stripping. This is also confirmed by the fact 
that, in the case of the cylindrical jacket, which had no reinforce- 
ment, the diameter was increased about 0.1 inch, while the reenforced 
conical jacket showed an increase of diameter of only 0.01 inch. 

AH the fractures of jackets A, B. C, and D were coarse and crys- 
talline. Microphotographs taken irom the fragments broken from 
the jackets of A and B indicate that the metal nas been heated too 
far above the critical point, held at this temperature too long, and 
then cooled too slowly. ITiis is shown by the inclosed microphoto- 
graphs, 11 and 12, which show clear-cut veins of ferrite, ana well- 
developed lamellar structure in the jpearlite. Pieces of these two 
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MODEL BREECH BUSHINGS. 



jackets were heated to 750° C. for two hours and cooled in au'. Micro- . 
photographs 13 and 14 show the resulting structures. 

The results of all physical tests made on any of the material used in 
thes^ models are here riven. From each of the models " C " and " D '' 
two longitudinal and two tangential specimens were taken. The 
longitudmal specimens were marked C2, C3, D2, and D3; the tan- 
gential specimens were marked Cl, C4, Dl, and D4. Cl, C2, Dl, 
and D2 were tested in the condition in which they were taken from 
the models. C3, C4, D3, and D4 were heated to 750° C, held for 
two hours, and cooled in air. Two specimens, marked 7Tl and 7T2, 
were received from Watervhet Arsenal, and represent the material 
used in models 7T3 and 7T4. 

Chemical analysis showed the following composition: 



Mark. 


C. 


Mn. 


Si. 


S. 


P. 


Ni. 


7T1.... 
7T2.... 


0.33 
.34 


0.60 
.62 


0.214 
.203 


aQ26 
.025 


0.037 
.037 


3.10 
3.16 



The physical test gave the following physical properties: 



Marks. 


Elastic 
limit. 


Tensile 
strength. 


Elonga- 


Contrac- 
tion. 


Hardness. 


Sbore. 


BrineU. 


01 

Dl 

02 

D2 

03 

D3 

04 

D4 

7T1.... 
7T2.... 


43,500 
43,000 
53,000 
55,000 
47,000 
52,000 
50,000 
47,500 
77,000 
77,000 


95,000 
96,000 
95,000 
96,000 
94,000 
98,000 
96,500 
96,000 
101,000 
101,000 


13.0 
17.5 
11.0 
16.6 
22.5 
18.5 
16.0 
18.0 
25.5 
24.5 


16.9 
27.4 
20.0 
30.0 
47.0 
43.0 
24.0 
20.5 
67.0 
64.7 


26.5 
25.0 
24.0 
23.0 
21.0 
22.0 
29.0 
28.0 
32.0 
32.0 


179 
183 
179 
179 
179 
179 
179 
183 
207 
207 



Cl, Dl, C2, and D2, as taken from the model. 
C3, D3, C4, and D4, heated to 750° C. and held two hours, 
in air. 

List of pkotograpJis. 



Cooled 



1. Breech bushing ^' A'' after failure. 

2. Breech bushing "B^^ after failure. 

3. Breech bushing ^'C after failure. 

4. Breech bushing ''D^' after failure. 

5. Breech bushing '^B'^ after failure, showing shearing of threads. 

6. Breech bushing 7T3 after failure. 

7. Plug from breech bushing 7T3 after failure. 

8. Breech bushing 7T4 after plug had started. 

9. Breech bushing -7T4 after plug was nearly out. 

10. Breech bushing 7T4 after failure. 

11. Microphotograph of breech bushing "A" as received. 

12. Microphotograph of breech bushing ''B" as received. 

13. Microphotograph of breech bushing "A'' after treatment. 

14. Microphotograph of breech bushing '^B" after treatment. 
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PHOTOGRAPH 7. 




I 

Q. 
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MICROPHOTOGRAPH FROM B. 




MICROPHOTOGRAPH FROM A. 
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MODEL BBEECH BUSHINGS. 
No. 482. 
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TESTS OF MODEL BREECH BUSHINGS TO DETERMINE THE RELATIVE 
EFFICIENC r OF SQ UARE AND V THREADS. 

7T5 had a square thread and 7T6 had a V thread. Depths were 
measured (see Fig. 1 in previous test) after increased loads of 25,000 
lbs. 

7T5. 



«* 


D<5)thX. 


Remarics. 


Itelibt. 


I%CM€9, 







3.76 




SS^OOO 


3.76 




50,000 


3.70 




75,000 


3.76 


/ 


100,000 


3.76 




125,000 


3.76 




150,000 


3.76 


Plug slightly crowning. 


175,000 


3.76 




200,000 


3.76 




225,000 


3.76 




250,000 


3.76+ 




275,000 


3.76+ 


Plug little more crowning. 


300,000 


3.76+ 




325,000 


3.77- 


Do. 


350,000 


3.77- 


Joint betwe^ plug and jacket slightly open. 


375,000 


3.77 




400,000 


3.77 




425,000 


3.77+ 


Diameter across jacket and plug, 5.26 ins. 

Plug pushed out of Jacket about 0.02 in. 

Ultfinate strength. 

Sheared the threads in jacket. Pushed plug out of jacket 0.57 in. 


450,000 


3.79 


460,700 











7T6. 



AppUed 
loads. 


Depth X. 


Remarks. 


Touaibs. 


Inches. 




. 


3.78 




25,000 


3.78 




50,000 


3.78 




75,000 


3.78 




100,000 


3.78 




125,000 


3.78 




150,000 


3.78 




175,000 


3.78 




200,000 


3.78 




225,000 


3.78 




250,000 


3.78 


"v^ 


275,000 


3.78+ 




300,000 
325,000 
350,000 
375,000 
400,000 


3.78+ 
3.78+ 
3.78+ 
3.78+ 
3.79- 


Plug slightly crowning. 


Plug little more crowning. 


Joint between plug and Jacket slightly open. 


425,000 


3.79 


Plug little more crowning. 


450,000 


3.79+ 


Joint between plug and Jacket little more open. 


475,000 


3.80+ 




500,000 


3.81 


Diameter across acket and plug, 5.26+ in. 


518,200 




Ultimate strengt i. 






0.02 in. on the other. 







Photographs 15 and 16 show each model after failure. 
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TEST OF RACK AND PAWL. 

The object of this test was to determine the load at which the pawl 
teeth shown in figure 1 would fail. 

The apparatus used and the points of taking measurements are also 
shown in figure 1. 

Measurements were taken after each load between the noints 
indicated on the drawing as follows: Measurements E, F, and G were 
taken with inside micrometers, measurements AK, BK, CH, DH, 
and LM were made with a vernier scale reading to 0.01 in., these five 
readings being taken on both the east and west sides of the teeth. 
Before and after the test the following measurements were also taken 
on both sides of the teeth: AN, BN, CO, and DO. As the test pro- 
gressed measurements were also taken with a thickness gauge between 
teeth A and D, and also at points P and R. 

A load of 5,000 pounds was first appUed and measurements taken. 
Then beginning with a load of 10,000 pounds, the load was increased 
by increments of 10,000 pounds up to 120,000 lbs., when the load 
increments became 5,000 pounds. After each increase of load, meas- 
urements and impressions were taken and the load was again reduced 
to 5,000 pounds and remeasured. 

The results are as follows : 

The diflFerences between the micrometer reading and the original 
reading are here tabulated. 



Load. 


E. 


F. 


G. 


Load. 


E. 


F. 


G. 


Lh. 


In. 


In. 


In. 


Lh. 


In. 


In. 


In. 


5,000 


0. 


0. 


0. 


6,000 


.0184 


.0188 


.0065 


10,000 


.0082 


.0023 


.0017 


176,000 


.0707 


.0569 


.0366 


5,000 


.0022 


.0011 


.0001 


6,000 


.0196 


.0198 


.0073 


20,000 


.0064 


.0055 


.0035 


180,000 


.0735 


.0694 


.0370 


5,000 


.0027 


.0012 


.0007 


6,000 


.0217 


.0220 


.0080 


30,000 


.0119 


.0084 


.0058 


186,000 


.0764 


.0616 


.0392 


5,000 


.0045 


.0022 


.0007 


6,000 


.0221 


.0230 


.0087 


40,000 


.0167 


.0117 


.0077 


190,000 


.0800 


.0641 


.0413 


5,000 


.0043 


.0019 


.0008 


6,000 


.0230 


.0239 


.0098 


50,000 


.0201 


.0144 


.0102 


195,000 


.0827 


.0666 


.0426 


5,000 


.0051 


.0019 


.0011 


6,000 


.0260 


.0266 


.0107 


60,000 


.0251 


.0176 


.0114 


200,000 


.0867 


.0696 


.0447 


5,000 


.0064 


.0034 


.0008 


6,000 


.0276 . 


.0276 


.0117 


70,000 


.0295 


.0199 


.0133 


206,000 


.0901 


.0732 


.0473 


5,000 


.0068 


.0042 


.0008 


5,000 


.0289 


.0297 


.0132 


80,000 


.0312 


.0227 


.0160 


210,000 


.0937 


.0761 


.0492 


5,000 


.0072 


.0040 


.0011 


6,000 


.0309 


.0314 


.0143 


90.000 


.0365 


.0249 


.0166 


216,000 


.0973 


.0800 


.0612 


5,000 


.0082 


.0049 


.0013 


5,000 


.0329 


.0330 


.0163 


100,000 


.0402 


.0278 


.0187 


220,000 


.1009 


.0840 


.0545 


5,000 


.0093 


.0061 


.0019 


6,000 


.0347 


.0352 


.0174 


110,000 


.0427 


.0311 


.0206 


226,000 


.1051 


.0869 


.0562 


5,000 


.0098 


.0066 


.0020 


6,000 


.0386 


.0382 


.0190 


120,000 


.0477 


.0340 


.0227 


230,000 


.1106 


.0906 


.0687 


5,000 


.0101 


.0081 


.0023 


6,000 


.0406 


.0415 


.0218 


125,000 


.0480 


.0366 


.0236 


235,000 


.1137 


.0937 


.0623 


5,000 


.0108 


.0084 


.0024 


5,000 


.0436 


.0440 


.0218 


130,000 


.0499 


.0361 


.0248 


240,000 


.1191 


.0991 


.0684 


5,000 


.0121 


.0091 


.0030 


5,000 


.0477 


.0492 


.0298 


135,000 


.0516 


.0383 


.0263 


246,000 


.1261 


.1066 


.0746 


6,000 


.0123 


.0101 


.0035 


6,000 


.0616 


.0634 


.03.32 


140,000 


.0542 


.0404 


.0269 


260,000 


.1323 


.1126 


.0780 


5,000 


.0128 


.0104 


.0043 


5,000 


.0651 


.0677 


.0378 


145,000 


.0663 


.0415 


.0285 


256,000 


.1372 


.1174 


.0839 


5,000 


.0140 


.0111 


.0043 


6,000 


.0601 


.0627 


.0420 


150,000 


.0576 


.0433 


.0302 


260,000 


.1476 


.1267 


.0901 


6,000 


.0141 


.0122 


.0046 


5,000 


.0673 


.0692 


.0478 


156,000 


.0611 


.0456 


.0311 


266,000 


.1550 


.1337 


.0966 


6,000 


.0156 


.0127 


.0065 


6,000 


.0752 


.0753 


.0639 


160,000 


.0634 


.0478 


.0319 


270,000 


.1668 


.1415 


.1026 


6,000 


.0164 


.0138 


.0057 


6,000 


.0776 


.0817 


.0680 


166,000 


.0653 


.0601 


.0332 


275,000 


.1708 


.1492 


.1099 


6,000 


.0176 


.0166 


.0063 


5,000 


.0865 


.0888 




170,000 


.0682 


.0546 


.0361 
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RACK AND PAWL. 
Thickness gauge readings. 
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Load. 


AB. 


P. 


R. 


Load. 


AB. 


P. 


R. 


Lh. 

5,000 
135,000 

5,000 
140,000 

5,000 
145,000 

5,000 
150,000 

5,000 
155,000 

5,000 
160,000 

5,000 
165,000 

5,000 
170,000 

5,000 
175,000 

5,000 
180.000 

5,000 
185,000 

5,000 
190,000 

5,000 
195,000 

6,000 
200,000 

5,000 
205,000 


/fl. 
0.004 

.006 

.004 

.006 

.006 

.008 

.006 

.006 

.006 

.006 , 

.006 

.006 

.006 

.010 

.006 

.010 

.006 

.010 

.006 

.010 

.006 

.012 

.010 

.012 

.010 

.012 

.010 

.012 

.010 


In. 
0.006 
.014 
.006 
.014 
.006 
.016 
.008 
.016 
.006 
.015 
.006 
.018 
.010 
.018 
.010 
.020 
.012 
.021 
.012 
.022 
.012 
.023 
.014 
.024 
.014 
.024 
.015 
.027 
.016 


In. 


Lh. 

5,000 
210,000 

5,000 
215,000 

5,000 
220,000 

5,000 
225,000 

5,000 
230,000 

5,000 
235,000 

5,000 
240,000 

6,000 
245,000 

5,000 
250,000 

5,000 
265,000 

5,000 
260,000 

5,000 
265,000 

5,000 
270,000 

5,000 
275,000 

6,000 


In. 


In. 


In. 




.014 
.012 
.014 
.012 
.015 
.012 
.016 
.012 
.016 
.012 
.016 
.012 
.016 
.014 
.018 
.015 
.020 
.015 
.020 
.015 
.021 
.018 
.023 
.018 
.024 
.018 
.024 
.017 


.027 
.016 
.031 
.018 
.033 
.020 
.037 
.020 
.033 
.022 
.037 
.022 
.043 
.026 
.049 
.025 
.041 
.027 
.043 
.028 
.047 
.032 
.049 
.033 
.053 
.035 
.053 
.037 






































































.012 
.021 
.012 
.022 
.012 
.023 
.012 
.023 
.012 
.023 
.014 































Measwements of pawl. 



Tioad. 


AK 


BK 


CH 


DH 


LM 


Lb. 


In. 


III. 


In. 


In. 


In. 


a,eoo 


2.00 


1.00 


4.00 


2.00 


2.00 


10,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,000 


2.00 


1.00 


4.00 


2.00 


2.00 . 


20,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5.000 


2.00 


1.00 


4.00 


2.00 


2.00 


30,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,000 


2.00 


LOO 


4.00 


2.00 


2.00 


40,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,000 


2.00 


1.00 


4.00 


2.00 


2.00 


50,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,000 


2.00 


1.QD 


4.00 


2.00 


2.00 


60,000 


2.00 


LOO 


4.00 


2.00 


2.00 


5,000 


2.00 


LOO 


4.00 


2.00 


2.00 


70,000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,000 


2.00 


1.00 


4.00 


2.00 


2.00 


SO. 000 


2.00 


1.00 


4.00 


2.00 


2.00 


5,flOO 


2.00 


1.00 


4.00 


2.00 


2.fX> 


60,000 


2.00 


1.00 


4.00 


2.00 


'2. \\^ 


5,000 


2; 00 


LOO 


4.00 


2.00 


■i: m 


100,000 


2.00 


LOO 


4.00 


2.00 


2. 00 


6,000 


2.00 


LOO 


4.00 


2.00 


'I. ftfi 


ua;ooo 


2.00 


LOO 


4.00 


2.00 


-2.W 


6,000 


2.00 . 


LOO 


4.00 


2.00 


'^.w 


130,000 


XOO 


LOO 


4.00 


2.00 


2.00 


5,000 


2.00 


LOO 


4.00 


2.00 


'^. Oij 


135,000 


2.00 


1.00 


4.00 


2.00 


2. CK) 


5,000 


ZOO 


1.00 


4.00 


2.00 


2.m 


130,000 


XOl 


LOO 


4.00 


2.00 


LRft 


5,000 


2.00 


LOO 


4.00 


2.00 


i^von 


ISfllOOO 


3.01 


LOl 


4.00 


2.00 


1.^1* 


5,000 


2.00 


LOO 


4.00 


2.00 


2.ori 


140 000 


2.01 


LOl 


4.00 


2.00 


\.m 


6,000 


2,00 


LOO 


4.00 


2.00 


'ijyi\ 


a^,ooo 


3.01 


LOl 


4.00 


2.00 


'Z.m 


6,000 


3.00 


LOO 


4.00 


2.00 


2.04^ 


150,000 


3.01 


LOl 


4.00 


2.01 


2AWf 


6, (HO 


3.00 


LOO 


4.00 


2.00 


2.00 


155,000 


3.01 


LOl 


4.00 


2.01 


2.00 


5,000 


3.00 


LOO 


4.00 


2.00 


2.00 
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BACK ASD PAWL. 



AX 



DH 



IJk. 

1 Mil 
4,301 



4. MA 

4. -in* 

2U.4IM 

tm.yA 

%'*» 

3S0,QIW 

255,000 
^.(MO 

SB. €00 
i,000 

270,000 
i,«00 

275,000 
5,000 



3.iC 
XM 
ill 
1» 
XVL 

in 

iW 

in 
i» 
i« 
i» 

i» 

ia 

i12 

i« 

3.02 

a K 

3,'jt 

i« 
r-n 

ioi 
z-a 

x-a 

3.« 
3.0t2 
XiB 
XOB 
X08 

X04 

xoi 

I'M 
XQi 
XM 

xm 
xw 
x-s 
xog 

XM 

x« 
xo« 



lit 
Lie 

Lll 



t L4 



L« 
LX 
L» 

Lit 
Lll 
LW 
L« 
L« 
L« 
L« 
LW 
LB 
L« 
LIS 
L« 
LK 
L4f 
LB 
L4( 
L« 
L« 
L« 
L« 
LOS 
L« 
LM 
LOB 
LM 
LOS 
L<M 
LO 
L0« 
LQ8 
L05 
LOS 
L06 
LM 
L05 
L04 



f«. 


f«. 


fc. 


4.IC 


XH 


X4» 


4,li 


2.41 


XM 


4,4t 


XK 


XM 


4,«l 


XW 


xw - 


4,H 


xa 


XM ' 


4,M 


X-M 


xci 


4,« 


x« 


X4i ■ 


4,«» 


x» 


X4i 


, 4.K 


xa 


X4i 


. 4.W 


xw 


^^ ; 


4.il 


XK 


Tm 


. «-» 


XJi 


X*l 


4.9. 


XK 


X4» 


. 4,40 


xw 


X4» 


4.«r 


x;i 


X4* 


4,« 


xa 


X40 


4. 42 


XK 


X4» 


4.« 


x« 


X40 


4.« 


i« 


X4* 


, 4.W 
\ 4.« 


x« 


X40 


' XK 


X40 


1 4.41 


XK 


X*> 


1 4.4S 


XOB 


X40 


1 ^M 


XK 


X4* 


4.49 


x« 


XfO 


4.41 


X4I 


XfO 


4.4S 


X« 


X4» 


4.91 


X41 


X«l 


4.4S 


X43 


X4» 


4.4S 


X4B 


X4* 


4.0 


XB 


. 2.40 


4.« 


XK 


X40 


4.03 


X« 


X4* 


4.oe 


X08 


' xoo 


4.03 


XM 


xot 


4. OB 


xo 


xoo 


4.04 


X04 


xoo 


COS 


XflB 


xoo 


4.0« 


XW 


; xoo 


4.03 


X03 


xoo 


4.(6 


XOS 


xoo 


4.03 


X03 


xoo 


4,06 


X« 


xoo 


4.(0 


X© 


xoo 


4.05 


X05 


xoo 


4.0« 


XM 


xoo 


C06 


XOb 


xoo 


4.0* 


X04 


xoo 



EAST SIDE. 
MeoMuremnUs on patcL 



Lo«L 


AK 


BK 


CH 


DH 


LM ! 


I*. 


In. 


/«. 


/«. 


/«. 


H. 


5,000 


X02 


L02 


4.00 


XOO 


xoo ' 


10,000 


X02 


L02 


4.00 


xoo 


xoo 


5,000 


X02 


L02 


4.00 


xoo 


xoo 


»»000 


X02 


L02 


4.00 


xoo 


xoo 


5,000 


xa2 


LOl 


4.00 


xoo 


xoo 


30,000 


X02 


LOl 


4.00 


xoo 


xoo 


5,000 


XQ2 


LOl 


4.00 


xoo 


xoo 


40,000 


X02 


LOl 


4.00 


xoo 


xoo 


9,000 


X02 


LOl 


LOO 


xoo 


xoo 


W,000 


XQ2 


LOl 


4.00 


xoo 


xoo 


5,000 


X02 


LOl 


4.00 


xoo 


xoo 


00,000 


X02 


LOl 


4.00 


LIO 


xoo 


9,000 


X02 


LOl 


4-00 


xoo 


xoo 


60,000 


X02 


LOl 


4.00 


xoo 


xoo 


5,000 


X02 


LOl 


4.00 


xoo 


xoo 


70,000 


X02 


LOl 


4.00 


xoo 


xoo 


5,000 


X02 


LW 


4.00 


xoo 


xoo 


80 000 


X02 


LOl 


4.00 


xoo 


xoo 


5,000 


X02 


LOl 


4-00 


xoo 


xoo 


00,000 


X02 


LOl 


4-00 


xoo 


xoo 


5,000 


X02 


1.01 


.00 


xoo 


xoo 
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Load. 


AK 


BK 


CH 


DH 


Lll 


U. 


In, 


In. 


In, 


In. 


In. 


100,000 


3.02 


1.01 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


110,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.02 


4.00 


2.00 


2.00 


120,000 


3.02 


L02 


4.00 


2.00 


2.00 


6,000 


3.02 


1.01 


4.00 


2.00 


2.00 


125,000 


3.02 


L02 


4.00 


2.00 


2.00 


5,000" 


3; 02 


LOl 


4.00 


2.00 


2.00 


130,000 


3.02 


1.015 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


135,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


140,000 


3.02 


1.016 


4.00 


2.00 


2.00 


5,000 


3.02 


1.01 


4.00 


2.00 


2.00 


145,000 


3.02 


1.015 


4.00 


2.00 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2.00 


150,000 


3.02 


1.02 


4.00 


2.00 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2.00 


155,000 


3.02 


L02 


4.00 


2.00 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2,00 


160,000 


3.02 


L02 


4.01 


2.00 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2.00 


165,000 


3.025 


L025 


4.01 


2.01 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2.00 


170,000 


3.025 


L02 


4.005 


2.00 


2.00 


5,000 


3.02 


LOl 


4.00 


2.00 


2.00 


175,000 


3.025 


L02 


4.01 


2.01 


2.00 


5,000 


3.02 


LOW 


4.00 


2.00 


2.00 


180,000 


3.03 


L02 


4.01 


2.01 


2.00 


5,000 


3.02 


L015 


4.00 


2.00 


2.00 


185,000 


3.03 


L02 


4.01 


2.01 


2.00 


6,000 


3.02 


L015 


4.00 


2.00 


2.00 


190,000 


3.03 


L025 


4.01 


2.01 


2.00 


5,000 


3.02 


L02 


4.00 


2.00 


2.00 


195,000 


3.03 


L026 


4.01 


2.01 


2.00 


5,000 


3.03 


L02 


4.00 


2.00 


2.00 


200,000 


3.035 


L03 


4.02 


2.01 


2.00 


5,000 


3.025 


L02 


4.005 


2.00 


2.00 


205,000 


3.035 


L03 


4.02 


2.02 


2.00 


5,000 


3.025 


L02 


4.005 


2.00 


2.00 


210,000 


3.035 


L03 


4.02 


2.02 


2.00 


5,000 


3.03 


L02 


4.00 


2.00 


2.00 


215,000 


3.035 


L03 


4.02 


2.02 


2.00 


5,000 


3.03 


L02 


4.01 


2.01 


2.00 


220,000 


3.04 


L035 


4.02 


2.02 


2.00 


5,000 


3.03 


L025 


4.01 


2.01 


2.00 


225,000 


3.04 


L04 


4.02 


2.03 


2.00 


5,000 


3.03 


LOS 


4.01 


2.01 


2.00 


230,000 


3.04 


L04 


4.03 


2.03 


2.00 


5,000 


3.03 


L03 


4.01 


2.01 


2.00 


235,000 


3.045 


L04 


4.03 


2.08 


2.00 


5,000 


3.03 


L03 


4.01 


2.01 


2.00 


240,000 


3.045 


L04 


4.03 


2.03 


2.00 


5,000 


3.03 


LOS 


4.01 


2.02 


2.00 


245,000 


3.05 


L06 


4.03 


2.04 


2.01 


5,000 


3.04 


LOS 


4.02 


2.02 


2.00 


250,000 


3.05 


L06 


4.04 


2.04 


2.005 


5,000 


3.04 


L04 


4.02 


2.02 


2.00 


255,000 


3.06 


LOS 


4.04 


2.04 


2.01 


5,000 


3.04 


L04 


4.02 


2.02 


2.00 


280,000 


3.06 


L05 


4.05 


2.04 


2.01 


5,000 
269^000 


3.05 


L04 


403 


2.03 


2.00 


3.06 


LOO 


406 


2.06 


9L01 


5,000 


3.05 


L04 


4035 


2.03 


2.00 


270,000 


3.06 


LOO 


406 


aL06 


2.01 


5,000 
276,000 


3.06 


L05 


403 


2.08 


2.00 • 


3.065 


L065 


4066 


2.065 


2.01 


5,000 


3.05 


L05 


404 


2.04 


2.00 



306,100 was the breaking load, failure occunmg by the rupture of 
the link as shown on figure 1, by line S. 

Figure 2 is a photo^aph of the apparatus after failure. At this 
load no tendency for the tooth and rack to separate in such a way as 
to get out of engagement was apparent, as shown by the lacK of 
change in the measurement LM wnile the apparatus was under load. 
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BACK AND PAWL. 



The following measurements were taken on both sides of the teeth 
before and after the test: 



BEFORE THE TEST. 





CO. 


DO. 


AN. 


BN. 


LM. 


West 


7.01 
7.01 


5.00 
5.02 


6.01 
6.01 


4.00 
4.00 


2 01 


East 


2.02 









AFTER THE TEST 










West 


7.07 
7.07 


6.07 
5.08 


6.01 
6.00 


4.00 
4.00 


2 06 


East 


2. OS 







After the apparatus had been removed from the machine the rack 
and pawl were both examined and no apparent deformation of the 
pawl was found. Evidently all the deformation that occurred had 
taken place in the teeth of the rack. This is also apparent in the 
measurements CO, DO, AN, BN, and LM, taken before and after the 
test. These measurements were taken with the pawl and rack lying 
on a flat surface with their relative positions determined by the dis- 
tances ST and UY, the measurement LM, and also a straight line 
drawn across the bodv of the pawl and the rack. The difference in the 
measurement LM before and after the test is due to the fact that the 
toothp of the rack was forced forward so far that when the two pieces 
were in the correct relative positions after the test this tooth came 
in contact with tooth A, thus preventing it from fitting down to its 
former position between C and D. Figure 3 shows the pawl and rack 
in tJiis relative position after the completion of the test. 

Figures 4 and 5 show the relationship of the load plotted against 
each of the three measurements E, F, and O, and also the set in each 
of these measurements. The offset between E and F is indicative 
of a bending in the rack showing a tendency for this piece to straighten 
out. This tendency was further emphasized by the pronounced mark 
made on the edge of the rack through the pressure against the pin X, 
while it is comparatively slight in the cases of the other two pins. 
When it is considered that E is always considerably larger than F 
this evidence is quite conclusive. 

These curves also serve as a check on the first observation of 
deformation of the teeth. The elastic limit was evidently quite near 
160,000 pounds when the first signs of upsetting the teeth were dis- 
covered. It is apparent, however, that these results apply to the 
teeth of the rack and not to the teeth of the pawl, which are appar- 
ently unchanged* 

Tne physical test of pawl and rack gave the following results: 

PHYSICAL TEST OF PAWL. 



Elastto limit. 


Tensile strength. 


Elongation. 


Contraction. 


Pwvnds. 

83,080 


PtmniB. 

133,800 


Per cent, 

16.5 


Perceita. 

54.6 


PHYSICAL TEST OF RACK. 


Pcund». 

46,600 


Pottfidf. 

02,000 


Pere^. 

27.0 


Pereefia, 

46.2 



CAST-STEEL RINGS. 
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OAST-STEEL BIKOa 



RingB. 
[Inside dia.-5.749 in. Outside dia.- 10.748 in. Length- 4.000 in.] 



Load. 


Ck>mpres8ion, inches, hori«mtal diameters. 


Internal 


EztemaL 






T 


^ 








West 
side. 


East 
side. 


Average. 


West 
side. 


East 
side. 


Average. 


£6. 














1,000 


0. 


0. 


0. 


a 


0. 


0. 


25,000 


.0021 


.0025 


.0023 


.0046 


.0061 


.0048 


50,000 


.0047 


.0054 


.0051 


.0099 


.0097 


.0098 


Set 1,000 


.0000 


-.0006 


-.0003 


.0004 


.0001 


.0002 


76,000 


.0075 


.0079 


.0077 


.0143 


.0138 


.0140 


90,000 


.0091 


.0096 


.0094 


.0162 


.0171 


.0167 


100,000 


.0101 


.0105 


.0103 


.0182 


.0193 


.0188 


110.000 


.0114 


.0119 


.0117 


.0201 


.0212 


.0206 


120,000 


.0123 


.0129 


.0126 


* .0222 


.0237 


.0230 


130,000 


.0136 


.0141 


.0139 


.0241 


.0267 


.0249 


140,000 


.0148 


.0154 


.0161 


.0261 


.0279 


.0270 


Set 1,000 


.0004 


.0006 


.0005 


.0035 


.0047 


.0041 


150,000 


.0161 


.0167 


.0164 


.0285 


.0301 


.0293 


160,000 


.0173 


.0181 


.0177 


.0302 


.0321 


.0312 


170,000 


.0191 


.0196 


.0194 


.0330 


.0347 


.0339 


Set 1,000 


.0021 


.0020 


.0020 


.0053 


.0067 


.0060 


180,000 


.0208 


.0211 


.0210 


.0362 


.0372 


.0362 


190,000 


.0225 


.0232 


.0229 


.0381 


.0403 


.0392 


200,000 


.0251 


.0259 


.0255 


.0413 


.0447 


.0430 


220,000 


.0321 


.0310 


.0316 


.0508 


.0634 


.0521 


240,000 


.0442 


.0450 


.0446 


.0645 


.0687 


.0661 


Load. 


Extension, inches, vertical diameters. 


Internal. 


Externa 


West 
side. 


East 
side. 


Average. 


West 
side. 


East 
side. 


Average. 


Lh. 














1,000 


0. 


0. 


0. 


0. 


0. 


0. 


25,000 


.0018 


.0019 


.0018 


.0020 


.0030 


.0025 


50,000 


.0038 


.0039 


.0038 


.0040 


.0060 


.0046 


Set 1,000 


.0001 


.0000 


.0000 


.0010 


.0020 


.0016 


75,000 


.0054 


.0055 


.0054 


.0060 


.0070 


.0066 


90,000 


.0066 


.0060 


.0067 


.0060 


.0090 


.0076 


100,000 


.0076 


.0078 


.0077 


.0060 


.0090 


.0076 


110,000 


.0083 


.0066 


.0084 


.0070 


.0090 


.0080 


120,000 


.0093 


.0096 


.0094 


.0070 


.0110 


.0090 


130,000 


.0100 


.0105 


.0102 


.0090 


.0120 


.0105 


140,000 


.0108 


.0114 


.0111 


.0090 


.0130 


.0110 


Set 1,000 


.0004 


.0004 


.0004 


.0000 


.0030 


.0016 


150,000 


.0121 


.0126 


.0123 


.0100 


.0160 


.0126 


160,000 


.0129 


.0139 


.0134 


.0110 


.0160 


.0136 


170,000 


.0011 


.0150 


.0145 


.0120 


.0170 


.0145 


Set 1,000 


.0140 


.0014 


.0012- 


.0050 


.0030 


.0040 


180,000 


.0155 


.0165 


.0160 


.0140 


.0200 


.0170 


190,000 


.0172 


.0180 


.0176 


.0160 


.0200 


.0176 


200,000 


.0187 


.0199 


.0193 


-.0160 


.0200 


.0180 


220,000 


.0233 


.0247 


.0240 


.0190 


.0250 


.0220 


240,000 


.0306 


.0339 


.0332 


.0290 


.0300 


.0295 



Elastic limit = 130,000 lbs. 

Ultimate strength = 315,000 lbs. 

Ring failed on one side by cracking along horizontal diameter. 

Hardness: Shore = 27; Brinell = 163. 



I^oi 



240000 

22S000 

S/0000{ 
/9S000 

/aoooo 

/65000 

iSOOOO 

iSSOOO 

J20000 

/OSOOO 

90000 

7S000 

60000 

4-5000 

30000 
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0AST-8TBBL BIN08. 



Marks, 2. 

Diameter, 0.505 in. 
Sectional area, 0.20 sq. in. 
Gauged length, 2 in. 



Load 

ab.per8q. 

in.). 


In gauged length. 


Per Inch. 


Remarks. 


Elonga- 
tion. 


Set. 


Elonga- 
tion. 


SocoeMive 
elongation. 


1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
85,000 


In. 

0. 

.0002 
.0005 
.0013 
.0021 
.0026 
.0026 
.0027 
.0028 
.0029 
.0030 
.0032 
.0037 
.0126 
.0144 
.0156 
.0187 


In. 




In. 
0. 

.00010 
.00025 
.00065 
.00105 
.00130 
.00130 
.00135 
.00140 
.00145 
.00150 
.00160 
.00185 
.00630 
.00720 

.00935 


In. 
0. 

.00010 
.00015 
.00040 
.00040 
.00025 
.00000 
.00005 
.00005 
.00006 
.00006 
.00010 
.00025 
.00445 
.00090 
.00060 
.00155 


Initial load. 

Elasticllmit 
Tensile strength. 








































Elongation after fracture, 0.44 in. in 2 in. » 22 per cent. 
Elongation of inch sections^ 0.24 in., 0.20 in. 
Diameter at fracture, 0.43 m. 
Sectional area. 0.145 sq. in. 
Contraction oi area, 27.4 per cent. 
Position of fracture, 1.20 m. from the neck. 
Appearance of fracture, fine granular, 50 per cent; silky, 50 per 
cent. 
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HEATING AND COOLING CURVES. 



Heating and cooling curves taken on various grades of Arsenal 
steels are shown on the following pages. The steSs were heated in 
an electric muffle furnace and the temperatures measured with a 
platinum, platinum 10 per cent rhodium thermocouple connected to 
a Leeds <» Northrup thermocouple potentiometer. 

The ACj and the ARj points are marked on each of the heating and 
cooling curves, respectively. The chemical analysis of each steel is 
also given and the influence of nickel is clearly shown in steels "A/' 
*'B/' and "D" in lowering and separating the ACj and ARi points. 
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TEST OF TOOL STEELS. 






19' 


\ 


i 


4 

'?1 






* 




V 


^ 








\ 


~i 


\ 



TEST OF TOOL STEELS. 



83 



TEST OF TOOL STEELS TO DETERMINE THE AMO UNT OF DISTORTION 
CA USED B Y HARDENING, 

Specimens of six diflFerent steels were tested, marked "R/* "S," 
urjsn «u/' " v/' and " W." These steels in the annealed condition 
had the following physical properties: , 



Spedmeii. 


Elastic limit. 


Tenaile strengtlu 


THnrng^flin 


Coiiitraoti<m. 


B 
S 
T 
U 
V 
W 


54,500 

60,000 
61,500 
58,500 


Lba. per sq. inch. 

90,270 
88,200 
01,290 
96,500 
104,000 


Percent. 
30.5 
28.0 
22.0 
31.0 
27.5 
25.5 


Percent. 
46.2 
46.2 
27.4 
64.7 
43.3 
46.2 



The form of the specimens used for hardening is shown in Fig. 1. 
Each was heated in a muffle furnace and hardened according to 
directions received from the manufacture. 

Micrometer measureiiients of each specimen were taken before and 
after hardening. The longitudinal measurem^its were taken along 
the perpendicular diameters 3-6 and 2-4 where possible and in 
other cases at points 1 & 5. Measurements of the diameters were 
also taken at these points. 

Measurements to determine the deformation in the axial diameter 
were taken with an Ames dial attached to the tool post of a lathe in 
which the specimen was placed, and readings were taken at the points 
2, 3, 4, ana 6j or where necessary at 1 on collars CD, GH, and IK. 
The zero reading of the dial was taken at point 1 on collar NO. The 
various measurements are given in the tables following: 

Specimen R. 
MEASUREMENTS ALONG LENGTHS, INCHES. 



Points. 


AD. 


AF. 


AH. 


AK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


L388 

1.388 

L388 

1.387+ 

1.388 


1.392 
1.392 
1.392 
1.391 
L391 


2.388 

2.388 

2.388+ 

2.388 

2.388 


2.388 
2.390 
2.392 
2.390 
2.388 


3.544 

3.544 

3.544 

3.543+ 

3.544 


3.538 
3.543 
3.550 
3.543 
3.539 


4.821 

4.820+ 

4.820+ 

4.819+ 

4.820 


4.815 


2 


4.820 


3... 


•4.827 


4 


4.820 


5 


4.816 






Average 

rhftiipp 


1.388 


1.392 
+.004 


2.388 


2.390 
+.002 


3.544 


3.543 
-.001 


4.820 


4.820 
0. 














Points. 


AM. 


AO. 


oc. 


OE. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.548+ 

5.548 

5.548 

5.547+ 

5.548 


5.542 
5.546 
5.554 
5.549 
5.544 


6.546 
6.546 
6.547 
6.545 
6.546 


6.538 
6.544 
6.553 
6. 548 
6.541 


5.561+ 

5.561+ 

5.561+ 

5.561 

5.561+ 


5.552 
5.656 
5.566 
5.564 
5.570 


4.530 
4.530 
4.530 
4.530 
4.530 


4.523 


2 


4.526 


3 


4.533 


1 


4.532 


5 


4.527 


6 






















ATonige 

Chansip 


5.548 


5.547 
-.001 


6.546 


6.544 
-.002 


5.561 


5.562 
+.001 


4.530 


4.528 
-.002 
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TEST OP TOOL STEELS. 



Specimen R — Continued. 
MEASUREMENTS ALONG LENGTHS, INCHES-ContJnued. 





Points. 


OG. 


01. 


OL. 




Before. 


After. 


Beftne. 


After. 


Before. 


After. 


1 










1.098+ 
L098+ 
L098 
1.098 




2 


3.094 

3.094+ 

3.094+ 


3.093 
3.096 
3.097 


2.653 
2.554 
2.654 


2.652 
2.555 
2.555 


1.097 


3 


1.096 


4 


1.097 


5 




6.., 


3.094 


. 3.095 


2.554 


2.552 


1.098 


1.007 




Average 






3.094 


3.095 
• +.001 


2.554 


2.554 
0. 


1.098 


1.097 




Chanee r ., , 


-.001 















MEASUREMENT OF DLIMETERS, INCHES. 



Diameter. 


PG. 


m. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.805 
.805 


0.806 
.806 


0.813 
.813 


0.814 
.814 


L689 
1.689 


1.601+ 
1.690 


L688 
1.688+ 


1.689+ 
1.690 


L881 
1.881 


1883 


2-4 


1.8^ 






Chance. . . ^ , , , . 




+.001 




+.001 




+.002 





+.001 




+.002 









DIAL INDICATOR READINGS ON COLLAR. 



Points. 


CD. 


m. 


IK. 

• 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


+0.0002 
-0.0002 
-0.0012 


-0.0010 
+0.0040 
0. 


+0.0010 
+0.0003 
-0.0002 
+0.0003 


-0.0020 
+0.0077 
+0.0030 
-0.0065 


+0.0008 
+0.0004 
+0.0001 
+0.0002 


—0. 0015 


3 


+0.0048 


4 


+0.0018 


6 - 


—0.0043 


1 


0. 


—0.0035 















Specimens. 

MEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AK. 




Before. 


After. 


Befdre. 


After. 


Before. 


After. 


Before. 


After. 


1 


1.389 

1.389+ 

1.390 

1.390 

1.390 


L391 
1.392 
1.395 
1.393 
1.392 


2.387 

2.387 

2.387+ 

2.387+ 

2.388 


2.387 
2.392 
2.397 
2.393 
2.388 


3.644 
3.544 
3.544 
3.544 
3.544 


3.544 
3.551 
3.560 
3.551 
3.545 


4.820 
4.820 
4.820 
4,820 
4.820 


4.820 


2 


4.826 


3 


4.834 


4 


4.826 


5 


4.820 




Average 

Change 






1.390 


1.393 
+.003 


2.387 


2.391 
+.004 


3.544 


3.550 
+.006 


4.820 


4.825 
+.005 
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Specimen iSr-Contmued. 

MEA8T7BEHENTS ALONG LENGTHS, INCHBS-Ckmtfiioed. 





Points. 


AM. 


AO. 


OC. 


OB. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


6.661 

6.660 

6.661 

6.660-f 

6.661 


6.661 
6.668 
6.666 
6.668 
6.662 


6.647 

6.647 

6.648 

6.647+ 

6.648 


6.660 
6.557 
6.566 
6.657 
6.662 


6.662 
6.662 
6.662 
6.662 
6.662 


5.566 
6.670 
6.573 
6.672 
6.566 


4.630 

4.630+ 

4.630 

4.630+ 

4.630+ 


4.634 


2 


4.536 


3 


4.537 


4 


4.536 


6 


4.636 


6.. 






Average 

rhange 




















6.651 


5.657 
+.006 


6.647 


6.666 
+.009 


6.662 


6.669 
+.007 


4.630 


4.636 
+.006 


















Points. 




00. 


OL 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.096 
3.096 
3.096+ 


8.101 
3.099 
3.101 


2.665 
2.666 
2.666 


2.669 
2.669 
2.660 


1.100 

1.099+ 

1.099+ 




1.100 


3 


1.100 


4 


1.100 


6 




6.., - 


3.096 


3.101 


2.666 


2.669 


1.099+ 




1.099 




Averagpr 








3.096 


3.101 
+.006 


2.665 


2.669 


1.099 




1.100 




Change 




+.001 

























MEASUREMENT OP DIAMETERS, INCHES. 



Diameter. 


FG. 


HI. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-0 


0.805 
.806 


0.807 
.806+ 


0.811 
.811- 


0.811+ 
.811 


1.688 
1.688 


1.689 
1.689 


1.688 
1.688 


1.689 
1.690 


1.879 
1.879 


1.880+ 


2-4 


1.880+ 






Change 




+.002 




0. 




+.001 




+.001 




+.001 









DIAL INDICATOR READINGS ON COLLAR. 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


+0.0039 
+0.0040 
+0.0040 


+0.0056 
+0.0121 
+0.0049 


+0.0028 
+0.0024 
+0.0029 
+0.0023 


+0.0043 
+0.0105 
+0.0026 
-0.0036 


+0.0019 
+0.0020 
+0.0022 
+0.0022 


+0.0030 


3 




4 


+0.0020 


6 


—0.0021 


1 


+0.0041 


+0.0003 
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TUT OF TOOL STBfiLS. 



JOASUBBMEHTB ALONG LENGTHS, HfCSBS. 





PointB. 


AD. 


AF. 


AH. 


AK. 




Before. 


Attor, 


Before. 


Attor. 


Before. 


After. 


Before. 


After. 


1 


1.388 
1.388 
1.388 
1.388 
1.388 


1.388 
1.390 
1.390 
1.380 
1.380 


2.387 

2.388 

2.388 

2.387+ 

2.388 


2.387 
2.380 
2.391 
2.390 
2.386 


3.544 

3.544+ 

3.545 

3.544 

3.544 


3.543 
3.547 
3.550 
3.546 
3.542 


4.820 

4.820+ 

4.820 

4.819 

4.820 


4.818 


2 


4.822 


3 


4.826 


4 


4.822 


5 


4.820 




Average 

Ohnnge ... 






1.388 


1.380 
+.001 


2.388 


2.389 
+.001 


3.544 


3.546 
+.002 


4.820 


4.822 
+.002 


















Polnte. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.550 

5.550+ 

5.550 

5.540 

5.550 


5.548 
5.553 
5.557 
5.553 
5.549 


6.548 
6.548 
6.548 
6.548 
6.548 


6.546 
6.550 
6.555 
6.551 
6.547 


5.564 
5.564 
5.564 
5.564 
5.564 


5.564 
5.566 
5.570 
5.568 
5.565 


4.533 

4.533+ 

4.533 

4.533 

4.533+ 


4.533 


2 


4.534 


8 


4.637 


4 


4.535 


5 


4.534 


6. . , 






Average 

Change 




















5.550 


5.552 
+.002 


6.548 


6.550 
+.002 


5.564 


5.567 
+.003 


4.533 


4.535 
+.002 
















Points. 




OG. 


OL 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.096 
3.096 
3.095+ 


8.096+ 

3.097 

3.097 


2.556 
2.556 
2.556 


2.557 
2.568 
2.557 


L100+ 

LlOO 

1.100+ 


1.100 


3.., 


1 099 


4-. 




' ■ .. 


1.100 


5 :::::::::. :;::;::;;:::::;::| 




« ...1 


3.096 


3.096 


2.556 


2.557 


1.100 


1.100 




Average 








3.096 


3.097 
+.001 


2.556 


2.557 

-4-. 001 


1.100 


1.100 




Chanee 




n 



























MEASUREMENT OP DIAMETERS, INCHES. 



Diataieter. 


FG. 


HI. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.805 
.805 


0.805 
.805 


0.810 
.810 


0.810 
.810 


1.689 
1.689 


1.689 
1.689 


1.689 
1.689 


1.689 
1.689 


1.878 
1.878 


1.878 


2-4 


1.878 






Change 




0. 




0. 




0. 




0. 




0. 









DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


+0.0017 
+0.0022 
+0.0024 


+0.0010 
+0.0062 
+0.0044 


+0.0018 
+0.0020 
+0.0030 
+0.0011 


0. 
+0.0049 
+0.0041 
-0.0012 


+0.0010 
+0.0019 
+0.0030 
+0.0020 


+0.0010 


3 


+0.0064 


4 


+0.0041 


6. 


0. 


1.^ 


+0.0014 


+0.0010 
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Specimen U. 
ICEASUREHENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AK. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


L391 

1.391 

L300 

L300+ 

1.391 


1.391+ 

L394 

1.396 

L394 

1.392 


2.388 
2.390 
2.390 
2.390 
2.388 


2.387 
2.394 
2.399 
2.394 
2.386 


3.548 

3.548 

3.547+ 

3.547+ 

3.548 


3.543 
3.561 
3.558 
3.551 
3.543 


4.822 
4.823 
4.822 
4.822 

4.822+ 


4.818 


2 


4.826 


3 


4.834 


4 


4.827 


6 


4.820 




Average 

ChanfrA 






1.391 


1.392 
+.001 


2.389 


2.394 
+.005 


3.548 


3.549 
+.001 


4.822 


4.825 
+.003 


















Points. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.549 

5.550 

5.549 

5.549+ 

5.550 


5.548 
5.567 
5.565 
5.558 
5.548 


6.647 

6.647+ 

6.547 

6.547 

6.647 


6.647 
6.555 
6.562 
6.565 
6.547 


5.562 
5.562 
5.562 
5.562 
5.562 


5.562+ 

5.568 

5.572 

5.668 

5.562 


4.529 

4.529+ 

4.529 

4.529 

4.529+ 


4.533 


2 


4.535 


3 


4.536 


4 


4.534 


5 


4.533 


6... 






Average 

Change 




















5.549 


5.565 
+.006 


6.547 


6.553 
+.006 


5.562 


6.566 
+.004 


4.529 


4.534 
+.006 


















Points. 




00. 


OL 




OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.002 
3.092 
3.092 


3.098 

3.098+ 

3.098 


2.548 
2.548 
2.548 


2.555 
2.555 
2.555 


LOOS 
1.098 
1.098 


1.100 


3 


1.100 


4 


1.099 


5 




6... 


3.002 


3.098 


2.548 


2.555 


1.096 


1.099+ 




Average 


- 






3.092 


3.098 
+.006 


2.548 


2.555 
4.-007 


L0g8 


LlOO 




Change 




-I-.0Q2 



























MEASUREMENT OF DLA.METERS, INCHES. 



Diameter. 


PG. 


HI. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.805 
.805 


0.806 
.806 


0.810 
.810 


0.811 
.811 


1.689 
1.689 


1.691 
L691 


1.688 
1.688 


1.691 
1.690 


L882 
L882 


1.885 


2-4 


1.885 






Change. . . 




+.001 




+.001 




+.002 




+.002 




+.003 









DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


OH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


a 


+0.0013 
-0.0010 
— O.O002 


+0.0019 
+0.0066 
+0.0008 


+0.0019 
+O.U003 
+0.0005 
+0.0013 


+0.0023 
+0.0072 
+0.0015 
-0.0034 


+0.0010 

0. 

0. 
+0.0011 


+0.0012 


iz^v^v^v//^v^y^v/^v.^ 


+0.0048 


4„ , 


+O.OO02 


Ji: 


-0.0003 


I::;;:;:;:;::::;:;::;:::::::::: 


+a0022 


-0.0011 
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TEST OF TOOL STEELS. 



Specimen V. 
MEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AK, 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


L386+ 

1.386 

L386 

L386 

L386+ 


L387 
L380 
L390 
L380 
L387 


2.386 
2.386 
2.385 
2.385 
2.386 


2.381 
2.388 
2.391 
2.387 
2.381 


3.642 
3.642 
3.642 
3.642 
3.642 


3.638 
3.546 
3.549 
3.641 
3.638 


4.818 

4.818 

4.818 

4.817+ 

4.818 


4.815 


2 


4.823 


3 


4.826 


4 


4.816 


5 


4.814 




Average 

Chanee , 






L386 


L388 
+.002 


2.386 


2.386 
+.001 


3.642 


3.642 
0. 


4.818 


4.819 
+.001 


















Points. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.643 
5.543 
5.543 
5.543 
5.543 


5.541 
5.549 
5.651 
6.543 
6.640 


6.641 
6.641 
6.641 
6.641 
6.641 


6.630 
6.648 
6.551 
6.642 
6.638 


6.669 
5.569 
6.669 
5.669 
5.569 


6.668 
5.563 
5.564 
5.668 
6.668 


4.'528 
4.628 
4.628 
4.528 
4.528 



4.632 


2 


4.633 


3 


4.532 


4 


4.528 


5 ».. 


4.531+ 


6.., 






Average 

rhaniw. 




















5.543 


^ 5.546 
+.002 


6.641 


6.543 
+.002 


6.569 


5.660 
+.001 


4.628 


4.631 
+.003 


















Points. 




OG. 


01. 




OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.093 
3.093 
3.093 


3.095 
3.095 
3.095 


2.652 
2.562 
2.662 


2.663 
2.554 
2.564 


L098 
L098 
L098 


1.099 


3 


1.099 


4 


1.099 


5 




6 ., - -- - 


3.093 


3.095+ 


2.652 


2.663 


1.098 


1.098 




Average 








3.093 


3.095+ 
+.002 


2.662 


2.554 

4-002 


L098 


1.099 




rhange 




a..nm 



























MEASUREMENTS OF DLA.METERS, INCHES. 



DJameter. 


PG. 


m. 


KT/. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.805+ 
.805+ 


0.806 
.806 


0.811 
.811 


0.811 
.811 


L688+ 
1.688+ 


1.690 
1.690 


L689 
1.689 


1.690 
1.690 


L881 
1.881 


1.880 


2-4 


1.881 






Hiange ....... 




0. 




0. 




+.001 




+.001 




+.001 









DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


GH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 


+0.0005 
+0.0004 
+0.0002 


+0.0070 
+0.0097 
+0.0025 


-0.0027 
-0.0023 
-0.0026 
-0.0023 


+0.0030 
+0.0026 
-0.0059 
-0.0039 


-0.0004 
-0.0006 
-0.0006 
-0.0001 


+0.0036 
+0.0020 
—0.0024 


3 


4 


6 


—0.0028 


l:... 


+0.0003 


+0.0013 
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Specimen W. 
MEASUREMENTS ALONG LENGTHS, INCHES. 





Points. 


AD. 


AF. 


AH. 


AK. 




Before. 


Alter. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


1.390 
1.390 
1.390 
1.390 
1.390 


1.390 

1.390 

1.390 

1.390+ 

1.390 


2.390 
2.390 
2.390 
2.300 
2.390 


2.390 

2.390 

2.390 

2.390+ 

2.390 


3.646 
3.646 
3.646 
3.646 
3.646 


3.646 
3.546 
3.546 
3.546 
3.646 


4,820+ 

4.820+ 

4.820 

4.820 

4.820 


4.820 


2 


4.820 


3.. 


4.820 


4 


4.820 


5 


4.820 




Average 

Change 






1.390 


1.390 
0. 


2.390 


2.390 
0. 


3.646 


3.546 
0. 


4.820 


4.820 
0. 


















Points. 


AM. 


AO. 


OC. 


OE. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


1 


5.548 

6.548+ 

6.548 

5.548 

6.548 


5.648 
6.648 
6.649 
6.649 
5.648 


6.645 

6.645+ 

6.645+ 

6.545+ 

6.545 


6.645+ 

6.546 

6.547 

6.547 

6.646 


6.560 

5.560 

6.660+ 

6.660+ 

5.561 


6.562 
6.562 
6.562 
6.562 
6.562 


4.629 
4.629 
4.529 
4.529 
4.529 


4.629 


2 


4.629 


3 


4.629 


4 


4.629 


5 


4.630 


6 






Average 

ThftTige 




















5.548 


6.648 
0. 


6.645 


6.646 
+.001 


6.560 


6.562 
+.002 


4.529 


4.529 
0. 


















Points. 


- 


OG. 


OL 


OL. 




Before. 


After. 


Before. 


After. 


Before. 


After. 


1 














2 


3.093 
3.093 
3.093 


3.002+ 
3.002+ 
3.002 


2.652 
2.652 
2.552 


2.553 
2.553 
2.553 


1.099 
1.099 
L099 


1.008+ 
1.008+ 
1.008+ 


3 


4 


6 


6 


3.093 


3.002 


2.652 


2.653 


1.099 


1.098+ 




Average 


- 




3.093 


3.002 
-.001 


2.662 


2.553 
-i-.nni 


1.099 


1.098 




(Thi^nge 




orn 



























MEASUREMENTS OF DLAJCETERS, INCHES. 



Diameter. 


FQ. 


HI. 


KL. 


MN. 


NO. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


3-6 


0.806 
.806 


0.806 
.806 


0.810 
.810 


0.810 
.810 


[Z 


1.688+ 
1.688+ 


1.689 
1.689 


1.689. 
1.689 


1.886 
1.886 


1 886 


2-4 


1 886 






nhftTig«» 




0. 




a 




0. 




0. 




0. 









DIAL INDICATOR READINGS, ON COLLAR. 



Points. 


CD. 


OH. 


IK. 


Before. 


After. 


Before. 


After. 


Before. 


After. 


2 - 


-0.0007 
+0.0017 
+0.0026 


0. 
+0.0029 
+0.0033 


+0.0005 
+0.0018 
+0.0023 
+0.0013 


+0.0009 
+0.0029 
+0.0027 
+0.0011 


+0.0007 
+0.0016 
+0.0017 
+0.0009 


+0.0009 
+0.0020 
+0.0019 
+0.0009 


3 


4 


6 


1 


0. 


+0.0003 













90 TBST OF TOOL STEELS. 

OOKOLUBIONS. 

From the average of the measurements AO it will be seen that all 
the specimens except R increased in length over all. Specimen R 
decreased 0.002 incn, while the increments varied as follows: 

W 0.001 in. 
V 0.002 in. 
T 0.002 in. 
U 0.006 m. 
S 0.009 in. 

From the inspection of the other measurements it will be seen that 
specimen W showed the least deformation. This is true of the varia- 
tion in axial diameter as well as the change in longitudinal measure- 
ments. Specimens T, V, and R showed about equal deformations, 
not excessive, while specimens U and S showed aeformations much 
greater than any of the others. 



SQUARE STEEL WIRE. 



91 



92 



SQUABS STEEL WIBB. 
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TESm TO DETERMINE THE EFFECT OF THE STRAIGHTENING 
RECEIVED B Y THE WIRE WHILE PASSING THRO UGH THE WIRE- 
WINDING MACHINE, 

The specimens were desi^ated as follows: 
B, C, and D: Wire direct from the reel. 
E, F, G^ and H: Wire which had passed through the winding 

machme but had not been wound on the gun. 
I, J, K, and L: Wire which had been wound on a tube 30.75 in. 

in diameter. 
M, N, O, and P: Wire which had been woimd on a tube lOfrin. 
in diameter. 
All specimens from E to P inclusive, had been subjected to a winding 
tension of 55,000 lbs. per sq. in. All the specimens^ were tested with- 
out straightening^ except that the ends were straightened as miidi 
as was necessary m order to place the specimen in the machine. 

Average values only are plotted in Fig. 1. Curve 1-S is the mean 
curve of the sets of B, C, and D; and 1-E is the similar mean curve of 
elongation of the same specimens. Similarhr, 2-S and 2-E are the 
mean curves for E, F, G, and H; 3-S and 3-E for I, J, K, and L; and 
4-S and 4-E for M, N, O, and P. 

Marks, B, C, and D. 
Dimensions, 0.1260 by 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 20 in. 



Load 


Per inch. 


















(lb. per 




Elongation, inches. 






Set, inches. 




sq. in.). 


















"B" 


"C" 


ujytj 




."B" 


"C" 


"D" 


Average. 


5,000 
10,000 










0. 








*'6*666i7' 


' *6.*66626' 


"6*66623* 


0.00020 


0. 


'*6.'6666i' 


"'6.*6666i' 


'6.*6666i*' 


15,000 


.00035 


.00039 


.00045 


.00039 


0. 


.00002 


.00001 


.00001 


20,000 


.00056 


.00057 


.00063 


.00058 


-.00001 


.00002 


.00005 


.00002 


25,000 


.00080 


.00078 


.00083 


.00080 


-.00001 


.00004 


.00005 


.00003 


30,000 


.00100 


.00095 


.00101 


.00098 


.00001 


.oooa5 


.00005 


.00003 


35,000 


.00121 


.00116 


.00120 


.00119 


.00001 


.00005 


.00007 


.00004 


40,000 


.00142 


.00135 


.00140 


.00139 


.00005 


.00007 


.00009 


.00007 


45,000 


.00160 


.00153 


.00160 


.00157 


.00009 


.00009 


.00010 


.00009 


50,000 


.00180 


.00174 


.00179 


.00177 


.00010 


.00010 


.00010 


.00010 


55,000 


.00201 


.00195 


.00201 


.00199 


.00014 


.00013 


.00014 


.00013 


60,000 


.00223 


.00217 


.00222 


.00220 


.00016 


.00015 


.00015 


.00015 


65,000 


.00245 


.00239 


.00245 


.00243 


.00021 


.00017 


.00020 


.00019 


70,000 


.00267 


.00261 


.00268 


.00265 


.00025 


.00017 


.00024 


.00022 


75,000 


.00290 


.00285 


.00291 


.00288 


.00030 


.00026 


.00029 


.00028 


80,000 


.00315 


.00311 


.00315 


.00313 


.00036 


.00030 


.00034 


.00033 


86,000 


.00338 


.00335 


.00342 


.00338 


.00043 


.00038 


.00038 


.00039 


90,000 


.00365 


.00365 


.00368 


.00366 


.00043 


.00048 


.00049 


.00046 


95,000 


.00396 


.00393 


.00400 


.00396 


.00058 


.00055 


.00060 


.00057 


100,000 


.00421 


.00421 


.00428 


.00423 


.00065 


.00062 


.00068 


.00065 


105,000 


.00446 


.00454 


.00458 


.00452 


.00077 


.00077 


.00080 


.00078 


110,000 


.00483 


.00485 


.00491 


.00486 


.00090 


.00089 


.00091 


.00090 


115,000 


.00517 


.00520 


.00524 


.00520 


.00101 


.00103 


.00105 


.00103 


120,000 


.00551 


.00560 


.00560 


.00557 


.OOllfi 


.00118 


.00120 


.00118 


125,000 


.00590 


.00598 


.00595 


.00594 


.00131 


.00135 


.00135 


.00133 


130, doo 


.00631 


.00638 


.00634 


.00634 


.00149 


.00155 


.00154 


.00152 


135,000 


.00671 


.00682 


.00675 


.00676 


.00170 


.00176 


.00175 


.00173 


140,000 


.00714 


.00744 


.00723 


.00727 


.00192 


.00210 


.00199 


.00200 


145,000 


.00762 


.00790 


.00768 


.00/73 


.00212 


.00237 


.00227 


.00225 


150,000 


.00814 


.00847 


.00830 


.00830 


.00242 


.00270 


.00260 


.00257 


155,000 


.00874 


.00910 


.00892 


.00892 


.00278 


.00312 


.00300 


.00296 


160,000 


.00941 


.00995 


.00974 


.00970 


.00318 


.00365 


.00354 


.00345 


165,000 


.01014 


.01089 


.01050 


.01051 


.00369 


.00433 


.00410 


.00404 


170,000 


.01109 


.01208 


.01150 


.01155 


.00435 


.00524 


.00480 


.00479 


175,000 


.01206 


.01375 


.01290 


.01290 


.00500 


.00656 


.00588 


.00581 


180,000 


.01345 


.01575 


.01445 


.01455 


.00625 


.00817 


.00713 


.00718 


185,000 


.01548 


.01882 


.01660 


.01606 


.00777 


.01090 


.00906 


.00924 
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Tensile 

strength 

Gb-persq-in.). 


EloDgBtion after fracture. 


Dtmcnaioof at 
fractme. 


B.... 

C 

D.... 


197,400 
193,200 
195,000 


0.60 in. in 20 in.— 3.0 per cent 


0.0908X0.0971 in. 
0.096ax&0967in. 
0.0934X0.0962 in. 


OJM) in. in 20 in.- 2.5 per cent 


0.62 in. in 20 in.— 3.1 per cent 







Sectional area. 


of area. 


Positftm of fracture. 


B.... 
C 

D.... 


Sq.in. 
0.0094 
.0093 
.0069 


Percent. 
40.9 
41.4 
44.0 


1.35 in. inside gaqge marks. 
6.37 in. inside gauge maiia. 
7J0O in. inside gauge marks. 



Appearance of fracture: 

B. Silky. 

C. Fine silky, cup shaped. 

D. Fine silky, cup shaped. 

Marks, E, F, G, and H. 
Dhnensions, 0.1260 x 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 15 in. 



Load 
Gb.per 


Per inch. 




Elongation, inches. 






Set, inches. 






eq.inO. 






















"E." 


"F." 


"G." 


"H." 


Aver- 


"E." 


"F." 


"G." 


"H." 


Aver- 












age. 










age. 


5,000 
10,000 


0.00022 
.00022 










0.000 
.00002 










6.66632 


0.00019 


0.00017 


0.00022 


-0.00001 


-0.00001 


a 


0. 


15,000 


.00041 


.00062 


.00039 


.00038 


.00045 


0. 


0. 


- .00001 


0. 


0. 


20,000 


.00061 


.00086 


.00055 


.00054 


.00064 


.00004 


.00005 


0. 


0. 


.00002 


25,000 


.00080 


.00105 


.00075 


.00073 


.00083 


-.00001 


.00009 


0. 


0. 


.00002 


30,000 


.00095 


.00127 


.00093 


.00090 


.00101 


.00006 


.00014 


0. 


.00001 


.00005 


35,000 


.00122 


.00147 


.00113 


.00110 


.00123 


.00006 


.00014 


.00003 


.00001 


.00005 


40,000 


.00139 


.00168 


.00133 


.00131 


.00142 


.00006 


.00020 


0. 


.00005 


.00007 


45,000 


.00153 


.00186 


.00151 


.00149 


.00159 


.00006 


.00021 


0. 


.00005 


.00006 


50,000 


.00174 


.00208 


.00171 


.00169 


.00180 


.00006 


.00026 


.00005 


.00007 


.00010 


55,000 


.00191 


.00227 


.00190 


.00190 


.00199 


.00007 


.00026 


.00007 


.00009 


.00012 


60,000 


.00213 


.00250 


.00208 


.00213 


.00221 


.00007 


.00029 


.00007 


.00024 


.00016 


65,000 


.00233 


.00267 


.00232 


.00227 


.00239 


.00008 


.00031 


.00009 


.00029 


.00019 


70,000 


.00253 


.00290 


.00249 


.00251 


.00260 


.00010 


.00033 


.00012 


.00031 


.00021 


75,000 


.00274 


.00313 


.00260 


.00273 


.00282 


.00013 


.00039 


.00012 


.00033 


.000^ 


80,000 


.00299 


.00338 


.00299 


.00294 


.00307 


.00014 


.00042 


.00018 


.00037 


.00028 


86,000 


.00319 


.00359 


.00319 


.00316 


.00328 


.00017 


.00046 


.00020 


.00037 


.00030 


90,000 


.00346 


.00382 


.00340 


.00339 


.00351 


.00021 


.00052 


.00025 


.00041 


.00034 


95,000 


.00371 




f .00365 


.00366 


.00367 


.00028 




r .00031 


.00046 


.00035 


100,000 


.00395 


Run by 
through 


.00393 


.00389 


.00392 


.00033 


Run by 
through 


.00042 


.00051 


.00042 


105,000 


.00421 


.00419 


.00414 


.00418 


.00039 


. .00065 


.00058 


.00050 


110,000 


.00452 


error. 


.00448 


.00443 


.00447 


.00047 


error. 


.00068 


.00065 


.00050 


115,000 


.00481 




. .00479 


.00475 


.00478 


.00066 




.00081 


.00074 


.00070 


120,000 


.00513 


.00553 


.00527 


.00501 


.00523 


.00063 


.00100 


.00081 


.00061 


.00081 


125,000 


.00548 


.00587 


.00561 


.00537 


.00668 


.00080 


.00113 


.00093 


.00094 


.00095 


130,000 


.00584 


.00619 


.00509 


.00569 


.00602 


.00092 


.00125 


.00111 


.00109 


.00109 


135,000 


.00623 


.00656 


.00634 


.00610 


.00630 


.00106 


.00139 


.00126 


.00125 


.00124 


140,000 


.00661 


.00605 


.00681 


.00650 


.00669 


.00125 


.00155 


.00144 


.00139 


.00140 


145,000 


.00707 


.00738 


.00721 


.00699 


.00716 


.00146 


.00171 


.00167 


.00164 


.00162 


150,000 


.00758 


.00790 


.00787 


.00751 


.00771 


.00173 


.00215 


.00201 


.00193 


.00195 


155,000 


.00809 


.00836 


.00835 


.00807 


.00821 


.00202 


.00227 


.00231 


.00225 


.00221 


160,000 


.00863 


.00898 


.00911 


.00665 


.00884 


.00236 


.00261 


.00274 


.00250 


.00257 


165,000 


.00937 


.00966 


.00991 


.00939 


.00968 


.00277 


.00300 


.00326 


.00305 


.00302 


170,000 


.01012 


.01045 


.01072 


.01020 


.01037 


.00331 


.00353 


.00383 


.00359 


.00356 


175,000 


.01120 


.01139 


.01187 


.01139 


.01146 


.00403 


.00416 


.00469 


.00441 


.00432 


180,000 


.01240 


.01271 


.01335 


.01265 


.01277 


.00490 


.00517 


.00581 


.00547 


.00533 


185,000 


.01407 


.01437 


.01560 


.01420 


.01463 


.00630 


.00652 


.00761 


.00668 


.00677 
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Teoaile strength 
(Ib.por8q.ln.). 


Elongation after fracture. 


Dimensioiis at f^M^ture. 


E. 
F. 
Q. 
H. 


199,250 
199,500 
197,040 
198,740 


0.45 in. in 15 
0.42 in. in 15 
0.39 in. in 15 
0.43 in. in 15 


in."3.0 per cent 


0.0943 X 0.0951 in. 
0.0950 X 0.0952 in. 
0.0960x0.0963 in. 
0.0946x0.0955 in. 


ln.«2.8 per cent ; 


ln.»2.6 per cent 


Ln.»2.8 per cent 






Sectional area. 


Contraction 
of area. 


Portion of fracture. 


E. 
F. 
Q. 
H. 


Sq.in, 
0.00697 
0.00904 
0.00924 
0.00903 


Percent, 
43.6 
43.1 
41.8 
43.2 


6.25 in. inside gauge marks. 
1.00 in. outside of gauge marks. 
2.75 in. inside gauge marks. 
4.30 in. inside gauge marks. 



Appearance of fracture: 

E. Fine silky. 

F. Finesillqr. 

G. Fine silky. 

H. Fine silky, cup shaped. 

Marks, I, J, K, and L. 
Dimensions, 0.1260 x 0.1262 in. 
Sectional area, 0.015901 sq. in. 
Gauged length, 15 in. 



Load 
(lb. per 


Per inch. 




Elongation, inches. 






Set, inches 






sq.in.). 












































I. 


J. 


K. 


L. 


Aver- 
age. 


I. 


J. 


K. 


L. 


Aver- 
age. 


fi,DOO 
10,000 






















a00Q20 


0.00020 


6. 6662! 


0.00015 


a 00019 


0. 


-0.00005 


6. 


0.00001 


a 


15,000 


.00088 


.00039 


.00040 


.00027 


.00036 


0. 


- .00005 


.00001 


.00001 


a 


30,000 


.00058 


.00060 


.00060 


.00046 


.00056 


0. 


- .00001 


.00002 


.00002 


a 


25,000 


.00077 


.00079 


.00079 


.00066 


.00075 


.00001 


0. 


.00005 


0. 


.00001 


30,000 


.00003 


.00101 


.00098 


.00082 


.00093 


.00002 


.00001 


.00006 


.00001 


.00002 


3a,ooo 


.00114 


.00121 


.00119 


.00100 


.00113 


0. 


.00004 


.00007 


-.00001 


.00002 


40,000 


.00134 


.00141 


.00138 


.00123 


.00134 


.00001 


.00005 


.00008 


.00004 


.00004 


45,«K)0 


.00154 


.00161 


.00155 


.00141 


.00152 


.00006 


.00006 


.00008 


.00006 


.00006 


50,000 


.00176 


.00181 


.00175 


.00161 


.00173 


.00007 


.00007 


.00008 


.00008 


.00007 


55,000 


.00199 


.00201 


.00197 


.00181 


.00194 


.00008 


.00008 


.00011 


.00008 


.00008 


fiO,000 


.00213 


.00221 


.00215 


.00200 


.00212 


.00010 


.00011 


.00012 


.00008 


.00010 


§5,000 


.00235 


.00245 


.00239 


.00221 


.00235 


.00011 


.00013 


.00013 


.00008 


.00011 


70,000 


.00258 


.00264 


.00257 


.00241 


.00255 


.00012 


.00015 


.00015 


.00009 


.00012 


75,000 


.00280 


.00287 


.00278 


.00263 


.00277 


.00015 


.00020 


.00017 


.00011 


.00015 


SO, 000 


.00301 


.00307 


.00298 


.00282 


.00297 


.00018 


.00021 


.00019 


.00013 


.00017 


55,000 


.00325 


.00329 


.00320 


.00307 


.00320 


.00020 


.00025 


.00021 


.00015 




l>0,000 


.00347 


.00353 


.00345 


.00332 


.00344 


.00026 


.00028 


.00025 


.00021 


.00025 


^5,000 


.00373 


.00378 


.00367 


.00353 


.00367 


.00031 


.00034 


.00028 


.00022 


.00028 


100.000 


.00397 


.00402 


.00391 


.00379 


.00392 


.00037 


.00039 


.00032 


.00027 


.00033 


la'^jwo 


.00425 


.00430 


.00414 


.00401 


.00417 


.00045 


.00048 


.00036 


.00032 


.0004a 


no, 000 


.00454 


.00459 


.00441 


.00429 


.00445 


.00053 


.00059 


.OOOil 


.00035 


.00047 


us. 000 


.00486 


.00489 


.00467 




.00475 


.00065 


.00067 


.00045 


.00044 


.00055 


iso.ixx) 


.00521 


.00522 


- I.XH93 


.00491 


.00506 


.00079 


.00078 


.00051 


.00054 


.00065 


12.-^. 000 


.00555 


.00559 


. IXJ.521 


.00527 


.00540 


.00093 


.00092 


.00a59 


.00067 


.00077 


130,000 


.00598 


.00597 


. LH->.)48 


.00567 


.00577 


.00108 


.00109 


.00071 


.00085 


.06093 


la.'i.ooo 


.00637 


.00640 


.rtlL)75 


.00605 


.00614 


.00128 


.00131 


.00085 


.00104 


.00112 


140. iWO 


.00687 


.00685 


.Wtdl9 


.00652 


.00660 


.00153 


.00153 


.00102 


.00123 


.00132 


145. (WO 


.00738 


.00739 


. 0C.I665 


.00693 


.00706 


.00184 


.00183 


.00125 


.00144 


.00159 


150, 000 


.00800 


.00797 


.CK^708 


.00755 


.00765 


.00221 


.00215 


.00146 


.00177 


.00189 


1£5,000 


.00873 


.00860 


. U0767 


.00819 


.00829 


.00267 


.00257 


.00180 


.00221 


.00231 


ico.ooo 


.00950 


.00939 


.WS38 


.00894 


.00905 


.00317 


.00308 


.00219 


.00267 


.00277 


1*5, w 


.01047 


.01030 


.0(1917 


.00993 


.00996 


.00391 


.00375 


.00273 


.00339 




t;o,ooo 


.01179 


.C1145 


,01020 


.01081 


.01106 


.00492 


.00459 


.00335 


.0C4O1 


.00421 


175,000 


.01317 


.01203 


.01133 


.01225 


.01242 


.00605 


.00574 


.00425 


.00507 


.00527 


1^^1)00 


.01520 


.01405 


,01298 


.01309 


.01426 


.00765 


.00739 


.00547 


.00668 


.00679 


185,000 


.01787 


.01787 


.01507 


.01643 


.01681 


.00991 


.00987 


.00720 


.00672 


.00892 
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44,5 l.Ua-cwrrKrVoff 



Appearance of fracture: 
L Fixie hilky. 
ff , Fine hilky. 
K- Fine hilky, 
L, Fine »ilky. 

Marks, M, X, O, and P. 

I>inienHionfl, 0.1260 x 0.1262 in. 

Sectional area, 0.015901 sq. in. 

Gau^^ len^h of specimens M, X, and O, 20 in. 

Gauged length of specimen P, 15 in. 



IXMil 


PerindL 






















6,000 
10,000 




EloDgatioo, tachf^. 








9et, inches. 




M. 


N. 


o. 


P 


Avwrage. 


M. 


N. 


0. 


P- 


.Average. 












1 


! 


o.^jfxm 


o.rxxr/4 


0.00032 


0.0001 1 


6.06622 


6.666oi 


0.00004 


0. 00003 


-a 00008 


a 


W,000 


.0004^1 


.(XX>V) 


.00056 


.00028 


.OOCMS 


.00004 


.00005 


.00006 


- .00010 


-.00001 


20, (JOT) 


.oorx/j 


.rXX)72 


.00079 


.00046 


.00065 


.00001 


.00006 


.00007 


- .00010 


.00001 


25,0(W 


.(XX)H4 


.00^)80 


.00100 


.0006.5 


.00084 


.00003 


.00007 


.00009 


- .00010 


.00002 


30,000 


.00100 


.00111 


.00121 


.O0OK5 


.00104 


.00005 


.00007 


.00012 


- .00008 


.00004 


V),m) 


.00127 


.00132 


.00141 


.00114 


.00128 


.00006 


.00009 


.00014 


- .00006 


.00005 


40,OfiO 


,(X)H/5 


.00151 


.00100 


.00124 


.00145 


.00009 


.ODOll 


.00016 


- .00005 


.00007 


4A,<J0r) 


,(X)U>'i 


,00172 


.001X1 


.00146 


.00166 


.00012 


.00013 


.00020 


— .00003 


.00010 


0O,(iOO 


,0OIW 


.00194 


.002WI 


.001(>5 


.00187 


.00014 


.00013 


.00025 


0. 


.00013 


hh,^%t) 


.Wm 


.00212 


.00220 


.00187 


.00208 


.00016 


.00015 


.00028 


.00003 


.00016 


flO,orx) 


.(m'^fj 


.00236 


.00247 


.00208 


.00229 


.00015 


.00021 


.00030 


.00006 


.00018 


(iA,(JOO 


.wm 


.00269 


.00270 


.00230 


.00252 


.00017 


.00025 


.00036 


.00008 


.00021 


70,(XJO 


.wm 


.00279 


.00293 


.00252 


.00273 


.00022 


.00026 


.00038 


.00009 


.00023 


70,000 


.00293 


.00302 


.00316 


.00275 


.00290 


.00026 


.00030 


.00042 


.00013 


.00027 


80,000 


.oa-uo 


.00323 


.00340 


.00300 


.00319 


.00029 


.00030 


.00046 


.00016 


.00030 


8fl,«X) 


.00330 


.00342 


.00368 


.00319 


.00342 


.00032 


.00033 


.00061 


.00020 


.00034 


90,000 


.00300 


.00363 


.00390 


.00360 


.00365 


.00035 


.00035 


.00058 


.00027 


.00038 


M,(XX) 


.00300 


.00384 


.00416 


.00372 


.00390 


.00042 


.00036 


.00064 


.00029 


.00042 


100, (NX) 


.00417 


.00406 


.00446 


.00405 


.00418 


.00050 


.00040 


.00068 


.00039 


.00049 


lOfl.(XX) 


.(X)440 


.00434 


.00472 


.00429 


.00445 


.00059 


.00046 


.00080 


.00046 


.00067 


UO,(KX) 


.(X)470 


.00462 


.00601 


.00460 


.00474 


.00070 


.00055 


.00090 


.00054 


.00067 


llfl.OOO 


.(XWilO 


,00492 


.00631 


.00489 


.00505 


.00081 


.00064 


.00099 


.00059 


.00075 


\%) (NX) 


.00.'i43 


. (X)620 


.00604 


.00526 


.00539 


.00094 


.00076 


.00110 


.00077 


.00089 


m,(NK) 


.(X)A77 


.00669 


.00698 


.OO-iOO 


.Oa573 


.00106 


.00089 


.00121 


.00089 


.00101 


i:v),()(x) 


.(XNn7 


.00594 


.00634 


.00595 


.00610 


.00124 


.00105 


.00139 


.00106 


.00118 


i:n,(NH) 


.00(MM) 


.00031 


.00673 


.00635 


.00649 


.00145 


.00120 


.00160 


.00123 


.00137 


140,000 


.00711 


.00076 


.00711 


.00679 


.00694 


.00172 


.00141 


.00186 


.00141 


.00169 


UA,0(X) 


.007W 


.00720 


.00767 


.00728 


.00739 


.00195 


.00162 


.00206 


.00167 


.00182 


IAO,0(X) 


.OOHOO 


.(X)707 


.00811 


.00777 


.00791 


.00225 


.00186 


.00238 


.00196 


.00211 


l/'.A,000 


.OOKOO 


.00S22 


.00866 


.00841 


.00849 


.00205 


.00220 


.00269 


.00233 


.00246 


UM),0(N) 


.00017 


.00^)6 


.00939 


.00905 


.00021 


.00312 


.00269 


.00310 


.00269 


.00287 


KW.fXX) 


.01029 


Aymn 


.01022 


.00979 


.00997 


.0a367 


.00310 


.00366 


.00321 


.00338 


170. (KX) 


.01130 


.01061 


.01130 


.01069 


.01097 


.00451 


.00371 


.00430 


.00383 


.00408 


HA. (XX) 


.01209 


.01164 


.01243 


.01185 


.01212 


.00560 


.00446 


.00520 


.00467 


.00495 


1«0.00() 


.OUMl 


.01292 


.01389 


.01347 


.01377 


.00724 


.00563 


.00640 


.00503 


.00627 


185,000 


.01781 


.01406 


.01604 


.01664 


.01601 


.00973 


.00696 


.00818 


.007G4 


.00812 



SQUARE STEEL WIBB. 
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Tensile strength 
(lb. per sq. in.). 


Elongation after fracture. 


Dimensions at fracture. 


M.... 

N.... 
0.... 
P.... 


195,440 
197,030 
195,890 
196,900 


0.56 in. in 20 in.- 2.8 per cent 


0.0942x0.0935 in. 
0.0962 X 0.0963 in. 
0.0965 X 0.0960 in. 
0.0968 X 0.0962 in. 


0.52 in. in 20 in.- 2.6 per cent 


0.48 in. in 20 in."!- 2.4 per cent 


0.30in. inl5in.-2.0percent 







Sectional area. 


Contraction 
of area. 


Position of fracture. 


M.... 
N.... 
0.... 
P.... 


Sq. in. 
0.00880 
0.00926 
0.00926 
0.00931 


PercerU. 
44.6 
41.7 
41.7 
41.4 


7.75 in. from one gauge mark. 
1.35 in. from one gauge mark. 
8.40 in. from one gauge mark. 
0.25 in. from one gauge mark. 



Appearance of fracture: 

M. Fine silky. 

N. Pine silky, cup shaped. 

O. Fine silky. 

P. Fine silky, cup shaped. 



Tabulation. 



Tensile 
strength 
(lb. per 
sq. in.). 



Elastic limit 
(lb. per sq. in.). 



Per cent 

elongation 

between 20,000 

and 100,000 

lbs. i)er 
square inch. 



Contraction 

of area 
(per cent). 



Wire from reel 

Between wire-winding machine and gun 

From 30.75-in. cylinder , 

From lOf-in. cylinder 



195,200 
198,630 
196,420 
196,320 



65,000 to 85,000.. 
75,000 to 100,000. 
80,000 to 95,000. . 
80,000 to 95,000.. 



0.182 
0.224 
0.226 
0.191 



42.1 
42.9 
42.7 
42.4 



5994°— H. Doc. 404, 63-2 7 
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SQUABE STEEL. WIBE. 



LoaaU-ibs. 




.OIjO2Ji^j04.OS.06.O7Ufa.09.M .ft .12 .13.14-15 J6. 17 

Inonease'/ncAes 
Fig. 4 
Measurement^ imdl^wi^ Seis. 
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LocKf-ibs. 




.01 Mm MM M. 07 MM .M 



II .12 ./3 J4 JS J6 J7 

Increctae' Inches-* 



ng.5. 

Afeasurement G wUh Sei. 
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TENSILE TESTS OF VARIOUS METHODS OF SECURING ROPE IN 
DETERMINING ITS TENSILE STRENGTH. 



Material: S-strand manila rope, 
used. 



Two coils, each one piece, were 





Coil'^M." 


Coil'^N." 


Diameter 


0.85 in 


0.84 in. 


Area of circle of above diameter 


0.567 sq. in.... 
2.68 in 


0.554 sq. in. 


CimiiTnferanra^ . 


2.50 in. 









Methods of fastening (see Fig. 1) : 

A. Eye splice, with two tucks on each strand. 

B. Eye splices, with four tucks on each strand. The first two 

tucks made with the full section of strand. For the third 
about one-third of the section was cut away, and for the 
fourth another third. This produced a splice which 
tapered gradually to the diameter of the rope Ibetween the 
splices. 

C. Special fixture. 

D. Bowline knot. 

E. Slip knot. 

F. Two turns around pins and the ends seized to standing part. 

G. Fisherman's bend. 

H. Round turn and half hitch. 
I. Glove hitch. 

*" Samples taken from coil * * if . " 





Kind 
of fas- 
tening. 


Length 
of speci- 
men. 


Length 
bet'veen 
knots or 
ends of 
splices. 


Length 
required 
for 2 fas- 
tenings. 


Time 
required 
to make 
2 fasten- 
ings. 


Tensile strength. 




Number. 


Total. 


Per 
sq. in. 


Parted. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16.^ 


A 
A 
A 
B 
B 
B 
C 
C 
C 
D 
D 
D 
E 
E 

f 


Ft. in. 
5 3 

5 3 

6 3 
5 6 
5 6 

5 6 
12 6 
12 6 
12 6 

7 6 
7 6 

7 6 

6 6 
6 6 
6 6 
6 6 

8 6 
8 6 

11 6 

5 
5 
11 6 


In. 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
42 
Sample ti 
coil' 
11 
11 
42 


Ft. in. 
3 9 
3 9 

3 9 

4 
4 

4 
11 
11 
11 

6 
6 

6 

5 
5 
5 

5 

7 

7 

8 
iken from 
'N." 

4 
4 

6 


Min. 

15 

15 

15 

35 to 40 

35 to 40 

35 to 40 

5 

5 

5 

4 

4 

4 

3to5 

3to5 

3to5 


Lb. 

4,920 

4,550 

4,500 

5,200 

4,200 

4,910 

3,225 

3,080 

3,120 

2,400 

2,090 

2,270 

3,380 

3,060 

2,856 

2,346 

2,448 

2,856 

3,600 

4,720 
5,180 
3,700 


Lb. 
8,670 
8,020 
7,940 
9,170 
7,400 
8,640 
5,690 
5,430 
5,500 
4,230 
3,680 
4,000 
5,960 
5,400 
5,030 
4,140 
4,310 
5,040 
6,350 

8,520 
9,350 
6,680 


1 strand at end of splice. 

Do. 
Do. 
Do. 
Do. 
Do. 

2 strands in the fixture. 

Do. 
Do. 

1 strand at short bend. 

Do. 

2 strands at short bend. 
1 strand at the bight. 

1 strand at the pin. 

2 strands at the pin. 

Do. 


17 

18 

19 

20 

21 

22 


G 
H 

I 

A 
B 
I 


15 to 20 

10 to 15 

3 

15 

35 to 40 

3 


1 strand at the bight. 

2 strands at the bwht. 
1 strand at the bight. 

1 strand at the splice. 

Do. 
1 strand at the bight. 
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BOPE FASTENINGS. 103 

Specimens 7, 8, and 9, special fixture, and specimens 13, 14, and 
15, slip knot, slipped continuously until rupture occurred. 

Specimen 16 supped so that it was necessary to reseize the end 
three or four times oefore it held. This took about t^o hours after 
the load was applied for the first time. 

The results are shown graphically in Figs. 2, 3, and 4, which war- 
rants the conclusion that eye spUces are the most satisfactory, con- 
sidering the high strengjth which t^hey develoj) in the specimen. The 
cost, afeo, is not excessive when compared with many of the fasten- 
ing^ which require much more rojje to make. Even with the eye 
spuces the full strength of the rope is not developed, as shown by the 
fact that the^ fracture almost always occurs at the inside end of the 
spUce. Possibly not more than 95 per cent of the strength is devel- 
oped in most cases. 

The weakness of these fastenings appears to be caused by the low 
strength of rope at bends of smaU radius. This conclusion is borne 
out by a study of the dijagrams and the strength developed by each. 





//- round Tarn*. 
^half Hitch. 



^ 
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HOPE FASTENINGS. 
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TENSILE TESTS OF STEEL SPECIMENS FOR THE 

PURPOSE OF STANDARDIZING TESTING 

MACHINES. 
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110 TESTS FOB STANDABDIZING TESTING MACHINES. 

Test 308. 
Albert (k J. M. Anderson Mfg. Co. Works, South Boston, Mass. 



Marks. 


Diamet^. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Ekngatian in 8 
indies. 

1 


Load. 


Stress (lb. 
per sq.in.). 


Load. 


StreqpCIb. 
per sq.in.). 


Indies. 


Percent. 


j In. 
2 1 0.7980 
4 .7973 
6 .7980 


Sq.in. 
0.50 
.499 
.50 


Lb. 
22,032 
21,828 
22,542 


44,064 
43,717 
45,064 


Lb. 
38,148 
38,454 
38,556 


76,296 
77,003 
77,112 


L90 
2.01 
1.83 


23.8 
25.0 
22.9 







Diam- 


Con- 




Marks. 


Elongation in inch sections. 


eter at 
frac- 


trac- 
tion of 


Appearance of 
fracture. 










ture. 


area. 






In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


P.ct. 




2 


0.16 


0.19 


0.25 


»0.56 


0.26 


0.19 


0.17 


0.14 


0.55 


62.5 


Fine silky. 


4 


.17 


.21 


.27 


».55 


.25 


.22 


.20 


.14 


.54 


54.1 


Fine slllcy ; cup shaped. 


6 


.15 


.18 


.23 


».54 


.27 


.17 


.15 


.14 


.54 


54.2 


Fine silky. 



i Inch section in which fracture occurred. 

Test 401. 

Gulick- Henderson Co., Bailey- Farrell Building, I*ittsburgh, Pa. 



Marlrs 




Sectional 
area. 


Elastte limit. 


Tensile strength. 


Elongation in 2 
inches. 




Loa<^. 


Stress (lb. 
per sq. in.). 


Load. 


Stress (lb. 
per sq.in.). 


Inch. 


Percent. 


2 
4 

6 
8 
10 
12 


In. 
0.5041 
.5022 
.6038 
.6000 
.5021 
.4992 


8q. in. 
0.1996 
.1980 
.1993 
.1963 
.1979 
.1967 


Lb. 

8,976 

8,568 

8,670 

8,466 

8,772 

8,670 


44,990 
43,270 
43,500 
43,120 
44,320 
44,300 


Lb. 
15,198 
14,994 
15,096 
14,688 
14,994 
14,790 


76, ISO 
75,720 
75,740 
74,820 
75,760 
75,670 


0.54 
.58 
.60 
.57 
.57 
.66 


27.0 1 
29.0 
30.0 1 
28.6 
28.5 , 
27.5 



Marks. 


Elongation in 
inch sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 


2 

4 
6 
8 
10 
12 


In. 

0.17 

».39 

1.26 

1.28 

1.41 

1.29 


In. 
10.37 

.19 
1.35 
1.29 

.16 
1.26 


III. 

0.36 
.36 
.35 
.37 
.35 
.37 


P.ct. 
49.0 
48.6 
51.7 
45.2 
61.3 
46.0 


Fine silky. 
Do. 
Do. 
Do. 
Do. 
Do. 



1 Inch section in which fracture occurred. 



TESTS FOB STAKDARDIZING TESTING MACHINES. 

Test 407. 
Detrick ^ Harvey Machine Co.y Baltimore, Md. 



Ill 



Marks. 


Diameter. 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Elcmgation in 2 
inches. 


Load. 


Stress (lb. 
per sq. in.). 


Load. 


Stress (lb. 
persq.in.). 


Inch. 


Percent. 


2C. W. 
4C.W. 


In. 

0.5058 
.5058 


8q. in. 
0.2009 
.2009 


Lb. 

8,976 

8,364 


44,670 
41,630 


Lb. 

12,036 

12,036 


59,910 
59,910 


0.76 
.74 


88.0 
37.0 



Marks. 


Elongation in 
inch sections. 


Diameter 

atfrao- 

ture. 


Contrac- 
tion of 
area. 


Appearance of fracture. 


2C.W. 
4C.W. 


In. 
10.39 

1.48 


In. 
10.37 
.26 


In. 
0.32 
.29 


Percent. 
59.9 
67.1 


Fine silky. 
Do. 



1 Inch section in which fractiu*e occurred. 

Test 445. 

John A. Roebling's Sons Co., Trenton, N. J. 



Marks. 


Diameter. 


Sectional 
area. 


Elastk! limit. 


Tensile strength. 


Load. 


Stress (lb. 
persq.in.). 


Load. 


Stress (lb. 
persq.in.). 


2 

4 

6 

8 

10 


Inch. 
0.5043 
.5043 
.5041 
.5048 
.5048 


Sq.in 
0.1997 
.1997 
.1996 
.1991 
.1991 


Lb. 

10,690 

10,200 

10,300 

10,500 

10,200 


53,530 
51,070 
51,600 
52,730 
51,230 


Lb. 
17,740 
17,650 
17,640 
17,720 
17,640 


88,830 
88,380 
88,370 
89,000 
88,590 



Marks. 


Elongation in 
2 inches. 


Elongation in inch 
sections. 


Diameter 
at frac- 
ture. 


CJontrac- 
tion of 
area. 


J, 

Appearance of fracture. 


2 

4 

6 

8 

10 


In. 

0.50 
.52 
.50 
.51 
.48 


Percent. 
25.0 
26.0 
25.0 
25.5 
24.0 


In. 

10.26 
1.30 
1.25 
1.26 
1.25 


In. 
0.24 
.22 
.25 
.25 
.23 


In. 
0.42 
.41 
.42 
.42 
.43 


Percent. 
30.6 
33.8 
30.6 
30.4 
27.0 


Fine silky. 
Do. 
Do. 
Do. 
Do. 



1 Lich section in which fracture occurred. 
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TESTS FOB STANDARDIZING TESTING MACHINES. 



Test 387. 
Isthmian Canal ComnUsgion, Panama. 



Marks. 


Diameter. 


Sectional 
area. 


Elasticlimit. Tensile strength. ^^^^^I^^ 

1 


Load. 


Stress (lb. T^,,-^ 
per sq.in.). "*~*- 


Stress (lb. 
per sq.in.). 


Imdi. 


Percent. 


1 

3 

5 

7 

9 

11 


In. 

O.SOBO 
.Sim 
.5060 
.5061 
.5060 
.5060 


Sq.in. 
a20 
.20 
.20 
.20 
.20 
.20 


Lb. 

10,000 
9,792 
9,690 
9,996 

10,098 

10,098 


50,000 
48,960 
48,450 
49,980 
50,490 
50,.490 


Lb. 

19,278 

19,074 

18,870 

19,278 

20,094 

20,196 


96,390 
95,370 
94,350 
96,390 
100,470 
100,980 


0.49 
.51 
.53 
.51 
.50 
.50 


24.5 
25.5 
26.5 
26.5 
25.0 
25.0 



Marks. 


Elongation in 
inch sections. 


Diameter Contrao- 

at frao- tion of 

tore. area. 


1 
Appearance of fracture. ' 

1 




In. 


In. 


In. 


Percent. 




1 


10.28 


10.21 


a40 


37.2 


^"^0. 


3 


1.33 


.18 


.36 


49.1 


5 


1.35 


.18 


.35 


51.9 


Do. 


7 


.18 


1.33 


.36 


40.1 


Do. 


9 


.20 


1.30 


.35 


51.9 


Do. 


11 


1.29 


.21 


.38 j 43.3 


Silky trace of granulation. 



1 Inch section in which fracture occurred. 

Test 471. 
Carpenter Steel Co., Reading, Pa. 



Marks. 


Diameter. 


Seciional 
area. 


Elastic limit. 


Tensile strength. 


Elongation in 2 
inches. 


Load. 


Stress (lb. 
per sq.in.). 


Load. 


Stress ab. 
per sq.in.). 


Inch. 


Percent. 


2 
4 

6 
8 
10 


In. 

0.5053 
.5052 
.5050 
.5062 
.5051 


Sq.in. 
0.2005 
.2004 
.2008 
.2004 
.2004 


Lb. 
10,800 
10,900 
10,700 
11,200 
11,100 


53,860 
54,390 
53,410 
55,880 
55,380 


Lb. 
19,600 
19,700 
19,600 
20,100 
20,000 


97,750 
9b, 300 
97,850 
100,290 
99,800 


0.40 
.43 
.38 
.39 
.39 


20.0 
21.5 
19.0 
19.5 
19.5 



Marks. 


Ekmgationin 
inch seetkjDs. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


Appearance of Ik-acture. 


2 

4 

6 

8 
10 


In. 

0.21 

.26 

.20 

.28 
.22 


In. 

0.19 

.17 

.18 

.11 
.17 


In. 

0.43 

.42 

.44 

.41 
.44 


P.ct. 

27.5 

30.8 

24.0 

34.1 
24.1 


Fine granular 75 -pet cent, amorphous 25 ^per 

Fine g^ular 40 per cent, amorphous 60 per 

cent. 
Fine granular 60 per cent, amorphous 40 per 

cent. 
Amorphous trace of granulation. 
Fine granular 50 per cent, amorphous 60 per 
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Test 516. 
The Midvale Steel Co., Philadelphia, Pa. 
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Marks. 


Diameter. 


Sectional 
area. 


Approx. elastic limit. 


Tensile strength. 


Load. 


Stress (lb. 
persq. in.). 


Load. ' 


Stress (lb. 
persq. in.). 


Al 
A3 
A5 
B4 
B6 


In. 
0.6031 
.5041 
.5040 
.5043 
.5046 


SQ.in. 
0.1988 
.1996 
.1995 
.1997 
.2000 


Lb. 

16,500 

16,900 

17,000 

16,800 

17,000 


82,990 
84,660 
85,210 
84,120 
85,000 


Lh. 

20,900 

21,200 

21,300 

21,100 

21,100 


105,130 
106,210 
106,760 
105,650 
105,500 



Marks. 


Elongation in 
2 filches. 


Elongation in 
inch sections. 


Diam- 
eter at 
frac- 
ture. 


Contract 
tion of 
area. 


Appearance of fracture. 




In. 


P.ct. 


In. 


In. 


In. 


P.ct. 




Al 


0.55 


27.5 


10.40 


0.15 


0.28 


69.0 


Fine silky, seriated. 


A3 


.51 


25.5 


.18 


1.33 


.29 


66.9 


Do. 


AS 


.54 


27.0 


.16 


1.38 


.30 


64.6 


Do. 


B4 


.54 


27.0 


1.41 


.13 


.28 


60.2 


Do. 


B6 


.53 


26.5 


1.34 


.19 


.29 


67.0 


Do. 



1 Inch section in which fracture occurred. 
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CORDAGE. 

Softjbraided linen line. 



Diameter. 


Length 
between 
fixtures. 


Breaking 
strength. 


Parted. 


In. 
0.17 
.18 


In. Lbs. 
24.00 324 
20.00 324 


At the fixture. 



Manila rope (S strand). 
[Samples prepared for testing with eye splices at the ends and wet before testing.] 



Nominal sise. 


Length 
sample. 


Length 
between 
splices. 


sample. 


Break- 

A. 


Cfrcum- 
ference. 


Diam- 
eter. 


Section- 
al area. ' 


Diam- 
eter. 


Circum- 


In. 

1 
2 


In. 


Ft. In. 

18 
18 
18 
18 
18 
18 3 
18 
18 
17 10 

17 iir 

17 101 

17 6 

18 h 

17 91 

18 
18 1 


Ft. In. 
6 
6 2i 
6 


Lbs. Oz. 

11 

1 6 

2 2 
2 3 

2 3 

3 13 
3 14 

3 12 

4 
3 11 
6 
6 8 

19 

20 
20 
35 


Ft. 
40,682 
30,109 
37,896 
31,268 
36,383 
30,637 
27,871 
24,960 
26,304 
24,106 
31,460 
24,818 
23,649 
29,634 
33,930 
24,100 


In. 

1.20 

L66 

2.00 

2.16 

2.07 

2.86 

2.85 

2.86 

2.90 

2.86 

3.20 

3.46 

6.65 

6.66 

7.05 

9.05 


In. 

0.38 

.52 

.626 

.67 

.66 

.95 

.93 

.92 

.93 

.93 

1.04 

1.12 

2.12 

2.17 

2.39 

2.96 


Sq. in. 

0.113 

.21 


i:::::::::: 


2 


.307 
.362 




6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


.342 
.709 
.679 
.666 
.679 
.68 
.849 
.985 
3.63 
3.70 
4.49 
6.83 














3 


6 
6 

8 


Nominal size. 


Tensile strength. 


Parted. 


Diam- 
eter. 


Circum- 
ference. 


Load. 


Stress 
(Ibper 
sq. in.). 


In. 

1 
2 


In. 


Lbs. 

1,660 

2,300 

4,500 

3,800 

4,300 

6,400 

6,000 

6,200 

6,900 

6,600 

8,800 

7,800 

24,800 

33,200 

37,700 

46,900 


13,717 
10,062 
14,658 
10,790 
12,673 
9,027 
8,836 
7,819 
8,689 
9,706 
10,360 
7,918 
7,025 
8,972 
8,396 
6,860 


1 strand 28 in. from end of splice. 
1 strand at the middle of length. 
1 strand 3 in. flrom end of splice. 
1 strand 10 in. from end of splice. 
1 strand at middle. 
1 strand 28 in. from end of splice. 
1 strand 22 in. from end of splice. 
1 strand 14 in. from end of splice. 
1 strand 22 in. from end of splice. 
1 strand 15 in. flrom end of splice. 
1 strand at the splice. 

Do. 
1 strand 12 in. from end of snlice. 




2 
















3 


6 
6 

8 


Do. 

1 strand 

Do. 


L8 in. from 


endofspli 


ce. 
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WTBB BOPE. 



Wire rope. 
[Rope prepared for testing with dosed sockets at the ends.) 



Marks. 



Nominal 

sise. 
diameter. 



Length 
between 
sockets. 



Actual 

sise, 

diameter. 



Number 

of 
strands. 



Number 
of wires 

strand. 



Tiller n>i>e 

Hoisting rope 

Crucible cast-steel hoisting rope 

Ckdvanized 

Crucible cast^teel hoisting rope 

Plow steel 

Flexible plow steel 

Plow steel, extra flexible 

Extra pliable 

Do 



In. 



Ft. in. 

5 9| 

5 8 

9 10 

9 6 

9 6 

9 71 

9 5| 

14 4 

9 3 

9 4J 



In. 
0.2S 
0.69 
0.58 
0.80 
0.80 
0.95 
0.92 
0.95 
1.06 
1.06 



19 
19 
19 
19 
19 
19 
19 
37 
37 



Marks. 



Diameter 
of wire. 



Core. 



Breaking 
strength. 



Parted. 



Tiller rope. . . 
Hoisting rope 
Crucible oas^steel hoist- 
ing rope. 
" ilvanized. 



In. 



Gal 

Crudblecast^teel hoist- 
ing rope. 

Plow steel 

Flexible plow steel 
Plow steel, extra flexible 
Extra pliable. 
Do. 



0.032-.043 
0.0410 

0.06 
.042-.068 

0.048 
0.047 
0.048 
0.048 
.045-. 056 



Hemp.. 
..do... 

..do... 
..do... 

Sisal... 
..do... 
Hemp.. 
..do... 
..do... 



Us. 
4,200 
26,500 
26,600 

43,600 
38,200 

56,100 
57,900 
59,400 
85,600 
80,200 



5 strands, 21 inches from end of socket. 
4 strands at end of socket. 

3 strands, 30 inches from end of socket. 

1 strand, 27 inches from end of socket. 

3 strands, 36 inches from end of socket. 

6 strands at end of socket. 

4 strands, 12 inches from end of socket. 

5 strands, 6 feet from end of socket. 
3 strands at the middle. 

3 strands, 37 inches from end of socket. 



CHAIN. 
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CHAIN. 





Smm- 

berof 






stzcncth. 


. — ^ 


Im. 




/». 


/». 


X*. 




t%.T: 


7 


1-M 


a*o 


7.«0 


FrMtared first Imk ofehftio at tbe quarter. 


ti.42 


7 


i-/J 


L37 


16.932 


Fracmred tbe thvd link of cteiD »S ««kL 


^47 


« 


Z3u 


L57 


6.900 


Fnemred tiie fifth link cfcfaain aloof veid 
«wie4dedend. 


0.47 


16 


X»^ 


L57 


7,«0 


Fractured the nxfli link of daiB aloof veid 
at««UedcnL 


0.47 


10 


Z» 


L57 


8,300 


Fnctored the Keond link «f diaiD at the 

weidedeDd. 


0.49 


' 


X44 


LOO 


15,900 


FnctoRMl ttaoKeoBdliDk of chain at the 


0.3 


13 


X47-XW 1 


1.W-L72 


16,300 


Fractured the seeoDd link of chain at the 

quarter vekled okL 
Fractared the first Imk of chain at tl» 

quarter welded end. 
Fractured the middle link at the quarter at 

weidedend. 


o.a 


12 


S. 00-^74 


2.12-ZiH 


23,000 


LM 


3 


7.2i 1 


3.45 


166,400 






RUBBER. 
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BUBBEB. 
Rubber. 



Marks. 



Thick- 
ness. 



Width. 



Seo- 
tional 



Tensila strength. 



Load. 



Stress 
sq. in.). 



Ekngatifln in 2 
uiches. 



Inches. 



Percent. 



Bead rubber 

Covering rubber 
- Do.. 

Do 

Do 

Do 

Red foundation. 
Covering rubber 

Do.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 



n. 


In. 


0.39 


1.00 


0.44 


0.98 


0.46 


0.98 


0.48 


1.00 


0.48 


1.02 


0.48 


0.96 


0.48 


0.99 


0.48 


0.95 


0.49 


0.96 


0.49 


0.98 


0.50 


0.96 


0.53 


0.91 


0.54 


1.01 


0.55 


1.00 


0.58 


1.00 


0.58 


0.97 



Sq.in. 
0.39 
0.43 
0.451 
0.48 
0.49 
0.46 
0.475 
0.46 
0.48 
0.48 
0.49 
0.47 
0.54 
0.55 
0.58 
0.56 



Lh. 



405 
215 
291 
295 
220 
268 
453 
281 
202 
224 
298 
309 
469 
257 
481 
385 



1,038 
500 
645 
614 
449 
582 
953 
611 
420 
467 
608 
786 
868 
467 
829 



2.20 
4.20 
3.85 
4.45 
5.15 
5.35 
4.25 
1.70 
4.75 
4.05 
3.64 
3.95 
4.05 
5.50 
4.62 



110.0 
210.0 
192.5 
222.5 
257.5 
387.5 
212.5 
85.0 
337.5 
202.5 
182.0 
1»7.5 
202.5 
275.0 
231.0 



BRASS AND BRONZE. 
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BRASS AND BRONZE. 

Seamless drawnrbrass tubing, 
TENSILE TEST. 



Length of 
sample 
overall. 


Width. 


Average 
Thickness. 


Sectional 
area. 


Tensile strength. 


Ekmga- 
tloS 


Total. 


Lh8.per 
sq.in. 


In, 
22.00 


In. 
1.501 


In. 
0.282 


aq.in. 
0.423 


Lb9. 

17,200 


40,661 


PereenL 
40.0 



BENDING TEST. 



The ends of the test pieces were bent cold througn an angle of 180° 
around a diameter eaual to twice the thickness of the pipe without 
showing signs of cracks or flaws. 



Tobin hrome. 



Dimensions. 




Tensile strength. 






Appearance of 


Thick- 
ness. 


Width. 


area. 


Total. 


Lbs. per 
sq.in. 


Elongation. 


In. 
0.251 

.315 
.316 

.746 
.751 
.751 
.623 


In. 
1.0 

1.015 
1 

.098 
1.001 
1 

.999 


Sq.in. 
0.251 

.320 
.316 

.745 
.752 
.751 
.622 


Lb9. 

15,900 

14,100 
19,000 

42,400 
50,800 
55,200 
40,200 


63,300 

44,060 
60,100 

56,900 
67,600 
73,500 
64,600 


Ineke*. 
In 2 in., 0.63... 

In 6 in., 0.94... 
In 4 in., 1.36... 

In 2 in., 0.64... 
In 2 In., 0.72... 
In 2 in., 0.51... 
In 2 in., 0.67... 


Percent. 
In 2 in., 31.5... 

In Gin., 15.6... 
In 4 In., 33.75.. 

In 2 in., 32.0... 
In 2 in., 36.0... 
In 2 in., 25.5... 
In 2 in., 33.6... 


Uniform light yel- 
low. 

Light yellow. 

Uniform light yel- 
low. 
Do. 
Do. 

Light yeUow. 

Uniform light yel- 
low. 



HOSE. 
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HOSE. 

Pneumatie ho$e. 
TUBE TEST. 



Gauged length of 2 inches laid off on each sample; stretched to 6 
inches for 10 minutes and strain removed. 



width. 



Length. 



^^^:::::::::::::::::::::::;:::;:::::::::::::::::::;: ts 
^^*^::::::::::::::::::::::::::::::;:::::::::::::::::: 1:S 



«.oe 
«.oo 
«.oo 

6.00 



0.6« 
.36 



FRICTION TEST. 



IfHks. 


Unwound 

in 10 
minatflB. 


7-phr^inch 


ill. 

2.85 
2.88 
2.30 
2.25 
2.90 
2.85 
1.45 


Do 


Do.. 


T^Mnch 


Do 


Do 


1.50 



GALVANIZED RINGS. 
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GALVANIZED RINGS. 
TENSILE TEST OF GALVANIZED RINGS. 



Inside 


Diameter 


Breaking 


Inside Diameter 


Breaking 


diameter. 


of wire. 


strength. 


diameter. of wire. 


strength. 


In. 


In. 


Lh. 


In. In 




Lh. 


1.00 


0.20 


2,550 


1 1.00 


17 


2,351 


1.04 


.17 


893 


1 1.02 


16 


734 


1.00 


.17 


1,336 


1.02 


16 


1,046 


1.00 


.18 


1,476 


1.00 


.17 


1,943 


1.00 


.17 


1,842 


1 .99 


.17 


1,239 


1.00 


.18 


964 


! 1.00 


17 


1,204 


1.00 


.18 


957 


1.00 


17 


989 


1.00 


.18 


779 


1 1.00 


17 


2,071 


1.00 


.18 


721 


1.00 


17 


1,295 


1.00 


.18 


2,060 


1.00 


18 


2,670 


1.02 


.16 


490 


1.00 


18 


694 


1.00 


.17 


2,305 


1.00 


17 


620 


1.00 


.18 


765 


1.00 


19 


492 


1.00 


.18 


1,316 









MISCELLANEOUS. 



6994*>— H. Doc. 404, 63-2 ^9 129 



130 MISCELLANEOUS. 

TENSILE TEST OF A ROUND STEEL BAR FOR BOLT MATERIAL. 
Length of bar over all, 18.75 in. 



Marks. 


Diameter. 

• 


Sectional 
area. 


Elastic limit. 


Tensile strength. 


Load. 


Stress ab. 
persq.ta.). 


Load. 


Stress ab. 
persq.fo.). 


15 T... 


In. 
0.818 


8q.in. 
0.525 


Lb. 
27,600 


62,570 


Lb. 
45,600 


86,860 



Elongation 
in 8 in. 


Elongations in inch sections. 


Diameter 
at frac- 
ture. 


Contrac- 
tion of 
area. 


In. 

L78 


P.ct. 
22.2 


In. 
0.14 


In. 
0.17 


In. 
0.14 


In. 
0.18 


In. 
0.16 


In. 
0.21 


In. 
0.25 


In. 
10.53 


In. 
0.56 


P.ct. 
53.1 



1 Inch section in which fracture occurred. 

Appearance of fracture, fine silky, cup shaped. 
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134 METALLOGRAPHIC EXAMINATIONS. 

The surface erosion was greatest in section E and diminislied pri 
gressively toward the muzzle end, as shown in photograph. No, 
This photograph shows characteristically the appearance of each. se< 
tion. In section E there has been a very considerable flo\^ of meta 
and the cracks do not appear to be so numerous as in section X). I 
section D there are not only extensive transverse cracks^ but als 
very extensive longitudinal cracks, the latter beii^ pdrticularl; 
noticeable at the bases of the lands. In photograph No. 2, showing 
the faces normal to the axis, the cracks at the bases of the lands, i. e. 
the junction of the lands and grooves, are particularly evident in sec 
tions C and D. In section C there is no pronounced direction to th€ 
cracks, but the lands and the central portions of the grooves show e 
crackled appearance. 

In section B the cracks are not so evident. There is some rounding 
of the lands, and the driving edge shows some cracks. 

In section A the lands and grooves are clean-cut, with cracks only 
on the firing edge of the lands. 

The depth of crack varies irregularly in each section and somewhat 
regularly in sections proceeding from A to E, increasing in depth 
toward the firing chamber. The number of cracks, however, does 
not vary in the same wav. In section E, where the greatest erosion 
has taken place, the smallest number of cracks appear. 

The greatest depth of crack appears in section D, in which meas- 
urement showed values as follows: 



Inch. 


Inch. 


0.036 


0.033 


.051 


.042 


.030 


.029 



The width of these same cracks at the mouth of the crack varied 
from 0.015 to 0.001 in.; the width halfway back varied between 
0.001 and 0.007 in. In section E the depth varies between 0.024 and 
0.39 in. Li section C the average depth of crack is only a trifle less 
than in D, but the width is not nearly so great as in D. 

In section B the depth and width both diminish, and in A there 
are no cracks visible on the face normal to the axis. On the face 
parallel to the axis, cut along the driving edge, there are a number of 
fine cracks approximately 0.01 in. in depth. These cracks are sharp 
and clean, wmle in section D, where they are slightly deeper, they 
are considerably wider, due to erosion. 

Sections B, C, D, and E show a hard layer of metal on the face cut 
normal to the axis. All sections show the hard layer on the face 
parallel to and along the driving edge. The depth of the layer on 
the face normal to the axis varies as follows: 

Inches. 
A, 

B, 0.0004 

C, .0008 

D, .0013 

E, .0015 

On the driving edge of section A there is just the beginning ot ft 
hardened layer which is about 0.0001 in. in thickness. 

Photographs Nos. 3, 4, 5, 6, 7, and 8 show the hard layer with 
cracks breaking through. Photograph No. 3 shows the characteristic 
appearance of the driving edge of section A. The hard layer is o^* 







from 



from 



forc/ft^ Cone 
depfh of 
efg/irm 



nfmg 

riffm^ me 



PHOTOGRAPH NO. 1. 




PHOTOGRAPH NO. 2. 




PHOTOGRAPH NO. 5. UNETCHED. SECTION D. X50. 




PHOTOGRAPH NO. 3. ETCHED. SECTION A. X50. 




PHOTOGRAPH NO. 7. SECTION D. ETCHED. XIOO. 



• • • 




PHOTOGRAPH NO. 8. SECTION E. ETCHED. XIOO. 
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visible, as it is quite impossible to have the extremely thin layer and 
the crack in focus at the same time. The metal has been etched, and 
shows a good sorbitic structure. 

In photograph No. 4, taken from section C, is shown the etched 
structure, slightly abnormal, a crack, and a portion of the hard layer, 
which is marked in red ink. 

In photographs Nos. 5 and 6, taken from section D, is seen more 
distinctly the hard layer, with its accompanying cracks. Both sur- 
faces are imetched. 

In photograph No. 7, magnified 100 diameters, is shown the hard 
layer and a crack developed at the junction of a land and groove. In 
etching the normal structure of the metal is developed very readily, 
while me structure of the hard layer is developed only with difficulty. 
Consequently, in this photograph the hard layer is shown as almost 
structureless. That tne hard layer has a distinct structure of its 
own is shown in photograph No. 8, taken from section E. 

Attempts were made to cut out portions of the hard layer for 
chemical analysis, but the efforts were unsuccessful. The metal was 
too hard to be taken from the rifled surface and the layer too thin to 
be taken from the rear. Conclusions can not be drawn, therefore, 
as to the amount of carbon contained in the hard laver. 

To accotmt for the hardening and cracking of the rifled surface, 
three theories seem plausible, and these will be discussed separately. 

The surface paay be hardened in a manner similar to the hardening 
of a tool steel, i. e., it may be heated by the combustion of the powder 
to a temperature above the critical temperature, say above 720° C, 
and the great mass of metal back of this thin layer would suflice to 
extract tne heat so as to cool the steel so rapidly through the critical 
range that hardness of the layer which had reached a temperature 
above the critical range would result. 

The steel so hardened would be brittle and without any plasticity, 
and the friction of the rushing projectile might easily produce a series 
of incipient cracks, which would in time develop in size and extent. 

The evidence iq favor of this view is not conclusive, and is rather 
against it than for it. There can be no doubt of the high tempera- 
ture produced by the combustion of the powder, but the velocity of 
the explosive wave is so great that there would be only a brief interval 
through which the heat might be communicated to the metal. To 
raise the metal to the required temperature would require a number 
of roimds of firing, and the body of the tube being considerably 
heated, the process would really be a hardening followed by a tem- 
perinff process giving a fairly soft metal. The surface is, nowever, 
glass nard wherever it is foimd. Definite evidence in regard to the 
temperature of the metal in various parts of the tube is lacking, and 
imtii further evidence is obtaiaed no satisfactory conclusions can be 
drawn. 

The microscopic structure of steel hardened by heatiog through 
the critical range and quenching is characteristic, out no such struc- 
ture can be produced in this haralayer by any of the standard reagents 
commonly used for this purpose. 

The second method by which hardness may be produced is by a 

process similar to wire-drawing and commonly referred to as ''cold 

work.'' It is a well-known fact that even the most ductile of metals, 

, such as gold, platinum, etc., will lose their plasticity and become hard 
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and brittle when subjected to drawing, hammering, etc. In wire- 
drawing it becomes necessary to frequently anneal the metal in order 
to restore the plasticity, and. thus prevent it from cracking or break- 
ing. This phenomenon is common not only to the ductile metals, but 
is also a property of the more brittle metals, such as antimony, and 
of minerals, such as crystallized calcite, etc. 

The mechanism of this action has been studied in detail by Beilby, 
and an interesting rfoum6 of his work will be found in his presidential 
lecture on '^The nard and soft states of metals,'' deUvered in 1911 
before the Institute of Metals. According to Beilby, a surface skin 
may be built up by mechanical movement, which gives immistakable 
evidence that the surface must have passed through a state in which 
it must have possessed the perfect mobihty of a Uquid. This surface 
possesses distmctive properties which differentiate it from the sub- 
stance beneath it. Hardening thus results from the formation at 
all the internal surfaces of slip or shear of mobile layers similar to 
those produced on the surface by mechanical movement. These 
layers only retain their mobihty for a brief period, and then sohdify 
in a vitreous, amorphous state, cementing together all of the surfaces 
of sUp or shear throughout the mass. 

Such a surface produced hj polishing, burnishing, drawing, ham- 
mering, or cold work of any kind possesses the property of hardness 
and brittleness. This layer may be restored again to its natural 
state by annealing, which destroys the vitreous character of the layer 
and converts the metal again into its orimnal crystalline, ductUe state. 
^ By the appUcation of this idea to the rifling of a gun we have a 
simple explanation of the hardening and cracki^ of the surface. By 
the passage of the rotating band of the projectile over the rifled 
surface the surface of the steel is caused to flow in a mobile layer, 
and when soUdification takes place it is in the vitreous or hard form. 
After the hard layer has passed a certain critical depth the mobihty 
is no longer transmitted through it when force is appUed by the 
moving projectile, and the only altemative is for cracbs to result from 
this force. 

The evidence seems almost conclusive that the hard layer and the 
cracks are produced by this process rather than by heat alone. The 
microscopical evidence also favors this view. In photograph No. 8, 
the hardened layer, etched with alcohoUc nitric acid, is seen to be 
distinctly vitreous and not martensiti^ as would be the case were the 
layer produced by heating and quenching. 

This theory also accoimts for tne fact that in section E, where there 
is undoubtedly the greatest amount of heat, there are the smallest 
niunber of cracks. At the higher temperature there is greater plas- 
ticity of the metal, and consequently there is greater opjjortunity f or 
the cracks to fill up by flow of metal. The friction in this portion of 
the ffim would necessarily be produced by the great rush oi gases. 

The third method by which hardness may be produced is by increas- 
ing the amoimt of carbon on the surface of the metal. This might 
wdl be caused by a cementation process from the gases produced in 
the combustion of the powder. This would necessitate a very high 
percentage of carbon. Inasmuch as the hard layer is so thin and so 
difficult to do anything with, no direct evidence has been obtained. 
This method womd best account for the fact that the hard layer is 
thickest in the firing chamber 




PHOTOGRAPH NO. 3. ORIGINAL NICKEL STEEL X50. 




PHOTOGRAPH NO. 4. ORIGINAL GUN STEEL. X50. 




PHOTOGRAPH NO. 5. NICKEL STEEL 
FIRED. X50. 



MICROSCOPIC EXAMINATION OF A SERIES OF STEELS SUBJECTED 
TO EROSION TESTS AT SAND Y HOOK. 

1. Microscopic examination was made from each of the four original 
steels and photographs of each are herewith submitted. 

Photograph No. 1 shows the structure of the steel marked "Amor- 
phous." It is truly amorphous in structure and is troostitic in 
character, etching very darkly, showing only traces of the usual 
sorbitic structure. 

Photograph No. 2 shows the structure of the small-arm steel. It 
shows a nomogeneous mixture of troostite changing to sorbite, with 
some lighter appearing patches, which on fiu'ther tempering would 
have changed into the darker etching material. 

Photograph No. 3 shows the nickel-steel structure made up of 
sorbitic pearlite with excess ferrite. The grain is somewhat coarse, 
indicating a fairly xmsatisfactory heat treatment. 

Photograph No. 4 is made from the gun steel and shows a homo- 
geneous sorbitic structure with only small amounts of free ferrite. 
The heat treatment has been satisfactory. 

Considering the composition of each steel, the structures are about 
what one would expect by oil treating and tempering, with the pos- 
sible exception of flie nickel steel, which shows coarser granulation 
than is desirable. 

2. Microscopic examination was made also of each of these steels 
after having been subjected to the erosion tests. Great changes in 
structure have taken place on the inner portion of the tubes. The 
greatest change has taten place in the nicKel steel. 

3. Each steel has developed a hardened inner layer, partialljr due 
to the flow of metal alone, but more particularly to the change m the 
form of carbon. There was also a development of heat cracks, the 
greatest development taking place where there has been the greatest 
change in the form of carbon. 

4. The change of structure is best illustrated in the nickel steel. 
In photograph No. 5 is shown the structure of the inner edge of the 
nickel-steel tube. Three distinct structures are seen. On the firing 
side, into which a crack has developed, the structiu'e is that charac- 
teristic of a completely hardened steel, and is known as martensite. 
At higher magnifications this appears as a mass of needle-Uke crystals 
interpenetratmg each other at an angle of about 60°. In this area, 
which is 0.015 inch in width, all of the carbon is in the '^hardening" 
carbon form. 

Beyond the martensite is a uniform layer of troostite of approxi- 
mately the same width. This layer is less hard, but somewhat 
harder than the original steel. Li it the carbon has been partially 
transformed from the ''hardening'' into the "carbide'' state. This 
is an intermediate transition stage between martensite and sorbite. 

The third structure is that of sorbite similar to the original steel, 
but not showing the granulation of the original. The carbon has 
still further transform^ into the "carbide" state. Had the carbon 
been completely transformed into "carbide" carbon, the structure 
would have been that of pearUte. Sorbite is, therefore, a transition 
form between troostite and pearlite. 

Similar changes have taken place in the small-arm steel, only to a 
smaller extent, the respective widths of the martensite and troostite 
areas being, respectively, 0.004 and 0.006 inch. 
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In the amorphous steel the martensite area is missing, but troostite, 
approximately 0.005 inch in width, appears on the firmg edge. 

The gun steel showed a very thm area of troostite, approximately 
0.003 inch in width. 

5. The cause of the changes in structure and the corresponding 
changes of carbon form is due to the heating of the metal above the 
critical temperature, and the different rates of cooling from these 
temperatures. In ordet to form martensite, the steel must be heated 
to above the critical temperature and rapidly cooled. With more 
slow cooling troostite results. 

6. A very important influencing factor is the position of the 
critical transformation point. It is a well-known fact that some ele- 
ments raise this i)oint, while others lower it. Among the elements 
which raise the critical temperature is chromium. Nickel and man- 
ganese both have a tendency to lower this point. Consequently in a 
nickel steel the chances of producing martensite at a given tempera- 
ture are greater than in a steel where no nickel is found or where 
chromium occurs. In the nickel steel there is the combined influence 
of the 1.65 per cent of nickel and the rather high per cent (0.785) of 
manganese. With both of these elements tending to lower the critical 
temperature, the hard and brittle martensite is easilv formed. 

7. In the amorphous and small-arm steels there is the counteracting 
influence of chromium and nickel, the ratio of nickel to chromium 
being about the same, and the nickel exerting a greater influence 
than chromium, but there is the added influence of a larger amount of 
manganese in the small-arm steel. It would, therefore, be expected 
that the small-arm steel would more readily show martensite, as 
it does. 

8. In the gun steel there is no nickel to influence the critical point, 
and only the manganese, which in a carbon steel is not much anected 
by the amount present. 

9. These facts have no particidar bearing upon the erosion losses in 
the various steels in this series of experiments, but thev have a very 
decided bearing upon the development of heat cracks in similar 
steels. If the same tubes were to be subjected to a second series of 
tests, the presence of the hard, brittle martensite would undoubtedly 
have a greater influence toward producing heat cracks than the soft, 
ductile sorbite. Thus the nickel steel might be expected to show 
greater development of heat cracks and pemaps greater erosion than 
the gun steel. 

10. These facts also have an important bearing on the theory of 
the development of heat cracks in general. It is believed by some 
that heat cracks are formed because of the formation of a hard surface 
layer, due to heating of a skin of the rifled surface to a temperature 
abover the critical temperature, followed hj the sudden cooling of the 
layer by the lar^e body of metal back of it. If this were true, then 
such a gun in wmch heat cracks have developed should show the mar- 
tensite structure. In the examination of a considerable number of 
such steels no evidence of martensite has ever been found. In fact, 
troostite is never found. 

11. Therefore it is concluded that the development of heat cracks 
is due to the presence of a hard surface produced by cementation of 
the metal by the products of combustion of the powder and by work 
put upon the surface by the moving projectile. 
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PHOTOGRAPH NO. 4. SPECIMEN 106. 
GUN BODY. X50. 




PHOTOGRAPH NO. 1. SPECIMEN 256-1. 
JACKET X50. 
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Test No. 1302. 
REPORT OF STEEL ANALYSIS, WATERTOWN ARSENAL. 



Sample. 


C. 


Mn. 


Si. 


S. 


P. 


Ni. 


Chro- 
mium. 


Erosioii tMt. 12T2 amorphous 


0.320 
.fi07 

.500 
.563 


0.252 aiS2 0.018 
.427 .208 .020 

.785 .256 .018 
.742 .235 .023 


0.017 
.027 

.020 
.047 


2.25 
1.77 

1.65 


1.62 
1.23 


Erosion test, 12T4 small-arm barrel 

Erosion test, 12 Ttoickcl steel, 3-inch R. F. G., 
170 


Erosion test, 12T8 Run steel A, hoop 6-inch gun. 







BAR STOCK FOR SUBCALIBER GUNS. 
The chemical analysis showed the following composition: 



Marks. 



Tube 256-1 

Jacket 256-1 

Tube 257-2 

Jacket 257-2 

H B L 

Oun body No* 1251 

Oun body No. 126. 



0.38 
.384 
.390 
.380 
.39 
.40 



Mn. 



a64 
.62 
.58 

.67 
.77 
.77 
.77 



Si. 



0.210 
.192 
.188 
.232 
.178 
.11 
.11 



S. 



0.017 
.020 
.020 
.020 
.017 
.027 
.027 



r. 



0.031 
.033 
.036 
.033 
.020 
.016 
.016 



Ni. 



3.16 
3.19 
3.16 
3.17 
3.36 
1.35 
1.35 



The physical tests gave the following properties: 



If arks. 


Elastic 
limit. 


Tensile, 
strength. 


Ekmga- 
tion. 


Contrac- 
tion. 


126 0.B.... 
1260.4?.... 


58,500 
67,500 


107,000 
106.500 


10.0 
14.0 


9.6 
16.9 



Seven sj)ecimens representing tube, jacket, and disk were polished 
and examined microscopically. The unetched specimens showed 
somewhat more than the average amount of inclosed slag, much of it 
being drawn through the material in lines in the direction of rolling. 

The etched specimens show a variety of structures which show that 
the material is far from uniform. Some of the specimens show a very 
marked striated or banded appearance, others show small-sizeH 
streaks with slag inclosures, and some a very coarse srain. The 
material as a whole is heterogeneous in character, and on tnis account 
each piece would require its own particular heat treatment to produce 
the best results. 

The banded or striated structure, consisting of alternate layers of 
ferrite and pearUte, is shown in photographs 1, 2, and 3, representing, 
respectively, specimens marked ''256-1 jacket," "257-2 jacket,'' and 
"257-2 tube." Test pieces of such material, if cut radial or longi- 
tudinal, would show decidedly diflPerent tests even after the matenal 
had been subjected to heat treatment. 

The lack of uniformity is further shown in photograph No. 4, which 
is taken from the edge of disk marked " 126 gim body." It shows a 
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granular structure with very decided slag streaks. Farther away 
nrom the edge the structure is decidedly coarse, as shown in photo- 
graph No. 5. 

The bar stock from the 3.8-in. howitzer is represented by photo- 
graph No. 6, which was taken from specimen marked "EL B. L." 
This specimen has evidently been heat treated. It shows a uniform 
sorbitic structure 




PHOTOGRAPH NO. 5. SPECIMEN 126. GUN BODY. X50. 




PHOTOGRAPH NO. 6. SPECIMEN H. B. L. X50. 
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TESTS MADE FOR PRIVATE PARTIES DURING THE FISCAL YEAR 
ENDED JUNE SO, 1913. 



Date. 



Material. 



Name. 



City and State. 



Oct. 



1912. 
July 9 
34 
25 
Aug. 6 
8 
10 
12 
U 
15 
15 
19 
21 
28 
28 
29 
Sept. 4 
10 
11 
12 
12 
12 
17 
17 
18 
24 
4 
8 
9 
15 
18 
18 
19 
21 
21 
29 
30 
30 
Nov. 5 
6 
11 
14 
16 
25 
25 
Dec. 3 
4 

5 
6 
17 
26 

1913. 

Jao. 3 
10 
15 
29 
30 

Feb. 13 
15 
19 
19 
24 

Mar. 3 
6 
10 
17 
19 
19 
20 



Conorete cylinden 
Concrete buHdlng blocks 

Steel... 

Concrete cubes 

Concrete cylinders — 
Concretebyilding block . 

Cast iron 

Concrete cubes, 

....do 

Steel 

do 



Rubber belting 

Concrete buildmg block . 

Concrete cube 

Concrete building block . 

Concrete cube 

....do 

Swedish iron 

Concrete cubes 

Concrete building block. 

Buoy shackles 

Concrete cylinders 

Sash chain 

Concrete cube 

do. 

do. 



Concrete cylinders. 

Concrete cubes 

Welded channel. . . . 

Rubber belting 

Buoy shackles 

Bronze 

Columns 

Concrete cubes . v . . . 
Welded channel.... 
Concrete cylinders. . 
Oun-barrel steel . . . . 
Concrete cubes..... 

Hose coupling 

Steel 

Concrete cubes..... 

Manila rope 

Concrete cube 

Tiles 

Draft gears 

Stone cubes 



Concrete cylinders 

Columns 

Cast-iron shelf supports. 
Concrete blocks 



Boston Transit Commission 

Columbia Concrete Co 

American & British Mf^. Co 

Boston Elevated Ry. Co 

Boston Transit Commission 

Gustavo Rappoli. 

Davis & Famum Mfg. Co 

Boston Elevated Ry. Co 

do 

A. & J. M. Anderson Mfg. Co 

H.H. Franklin Mlfe. Co 

Revere Rubber Co 

Gustavo RappoU. 

Boston Elevated Ry. Co 

Thomas O'Malley 

Boston Elevated Ry . Co 

do 

Dodge , Haley &Co 

Boston Elevated Ry . Co 

Thomas Bayliss & Son 

Fletcher ACrowell Co 

Boston Transit Conunission 

The Bridgeport Chain Co 

Boston Elevated Ry. Co 

do 

do 

Boston Transit Conmiission 

Boston Elevated Ry. Co 

Board of Water Supply 

Revere Rubber Co 

Fletcher & Crowell Co 

The Portland Co 

W.C.Whlttredee&Co 

Boston Elevated Ry. Co 

Board of Water Supply 

Boston Transit Commission 

The MvUn Firearms Co 

Boston Elevated Ry. Co 

Andrew J. Morse & Son (Inc.) 

Erie Forge Co 

Boston Elevated Ry. Co 

Tucker & Carter Rope Co 

Boston Elevated Ry. Co 

Ernests. Yates 

Standard Coupler Co 

The North Carolina Granite Corpora- 
tion. 

Boston Transit Commisskm 

Louis Miller Co 

The Snead & Co. Iron Works 

C. E. Lindsley Co 



Concrete slabs 

Concrete cylinders. . . 
Concrete building blocks 

Columns 

Steel 

Concrete cylinders 

Steel 

Column 

Cast iron 

Concrete building block . 

Welds 

Buoy shackles 

Concrete cubes 

Steel 

Concrete cubes 

Concrete building blocks 
Granite cube 



Warren Bros. Laboratory 

Boston Transit Commission 

Thomas Allen 

Boston Bolt & Iron Co 

GuUok-Henderson Co 

Boston Transit Commission 

Detriok & Harvey Machine Co . 

Daniel Buckley 

Co 



James S. Foley.... 

The Royer Wheel Co 

Fletcher & Crowell Co 

Georgia Railway & Power Co. 

H.H. Franklin Mfg. Co 

Dalton Power Co 

Theo. Kaitanowski 

French Creek Granite Co 



Boston. Mass. 
West SomervUle, Mass. 
Providence, R. I. 
Boston, Mass. 

Do. 
East Boston, Mass. 
Waltham, M.ass. 
Boston, Mass. 

Do. 
South Boston. Mass. 
Syracuse, N. Y. 
Chelsea, Mass. 
East Boston, Mass. 
Boston, Mass. 
Clinton, Mass. 
Boston, Mass. 

Do. 

Do. 

Do. 
Everett, Mass. 
Portland, Me. 
Boston, Mass. 
Bridgeport, Conn. 
Boston, Mass. 

Do. 

Do. 

Do. 

Do. 
New York, N. Y. 
Chelsea, Mass. 
Portland, Me. 

Do. 
Lynn, Mass. 
Boston, Mass. 
New York, N. Y. 
Boston, Mass. 
New Haven, Conn. 
Boston, Mass. 

Do. 
Erie, Pa. 
Boston, Mass. 
New York, N.Y. 
Boston, Mass. 

Do. 
New York, N.Y. 
Mt.Airy,N.C. 

Boston, Mass. 
East Boston. Mass. 
Jersey City. N.J. 
Irvingtoo, N. J. 

East Cambridge, Maes. 
Boston, Mass. 
SomervUle, Mass. 
Boston, Mass. 
Pittsbiu|;h, Pa. 
Boston, Mass. 
Baltimore, Md. 
Dorchester, Mass. 
Boston, Mass. 
North Cambridge, 
Aurora, Ind. 
Portland, Me. 
New York. N.Y. 
Syracuse, N. Y. 
lltsda]e.Vt. 
Buliaio, N. Y. 
St. Peters, Pa. 
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Teats made for private parties during the fiscal year ended June SO, 19 IS — Continued. 



Dat*. 



Material. 



Name. 



CIt7 and Steta. 



1913. 

Mar. 24 

26 

26 

27 

29 

Apr. 1 

4 

8 

12 

21 

21 

23 

24 

24 

24 

May 1 

2 

2 

5 

6 

7 

8 

9 

10 

10 

12 

12 

13 

16 

17 

17 

26 

29 

31 

June 2 

2 

2 

5 

9 

11 

12 

16 

24 



Welded ohaimel 

Malleable iron 

Steel 

Concrete brick 

Buoy sluuddes 

Concrete cubes 

Steel 

Welded channel 

Steel 

Concrete cubes 

Links 

Iron 

do 

Steel 

Linen rope 

Steel 

Concrete building blocks 

Steel 

Concrete cube 

Cast iron 

Wrought iron 

Chain 

Steel wire rope 

Concrete slabs 

Steel 

Iron 

Concrete building blocks 
Concrete brick and 
building block. 

Buoy shackles 

Cham 

Cast iron 

Malleable iron 

Cast iron 

Concrete building blocks 

Concrete cube 

Concrete building bricks 

Steel 

Rope 

Swivel 

Malleable iron 

Building tile 

Steel 

Fiber 



Board of Water Supply 

The Laoonia Car Co. Works 

Prof. Albert Sauveur , 

Massachusetts Unit Brick A Tile Co. . 

Fletcher ACrowell Co 

Boston Elevated Ry. Co 

JohnA. Roebline'sSonsCo 

Board of Water Supply 

Prof . Albert Sauveur 

Boston Elevated Ry. Co 

Thomas Lau^ilin Co..... 

The Laconia Car Co. Works 

....do 

Prof. Albert Sauveur 

Tucker & Carter Rope Co 

Midvale Steel Co 

JohnHaeusser 

Prof. Albert Sauveur 

Boston Elevated Ry. Co 

Davis & Famum Mfg. Co 

B. M. Jones & Co. (IncO 

The Bridgeport Chain Co 

North Packing & Provision Co 

Warren Bros, laboratory 

Carpenter Steel Co 

The Laconia Car Co. Works 

Theo. Kaitanowskl 

E. J. MulvihUl 



Fletcher & CroweU 

Bridgeport Chain Co 

Davis & Famum Mf^. Co. . . . 
T^^ ' -"-1- r-T. Co. Works. 

Dn \- L-i it 1^' 1 1 nin m .M Eii . <' o . . . . 

S. R.fihultE ...: 

BoHloQ n;i«vnted Ry. Co 

Z. A, Houle.....,-... 

Prof. Albert SivuvBUj.. , 

Columbiflii Rop* Co. .... . — 

fW hur & Cruwell Co ...... . 

Tho LutoniaCarCo, Works.. 

Ernest S. Yatea,, 

MidviiUs Steel Co, , . . „ 

Goo. D . Burton- , 



N«wYoik.N.Y. 
Laconia. N. H. 
Cambridge, Mass. 
Boston, Itass. 
Portland, Me. 
Boston, Mass. 
Trenton, N.J. 
New York, N.y. 
Cambridge, Mass. 
Boston, Mass. 
Portland.Me. 
Laconia, N.H. 

Do. 
Cambridge. Mas. 
NpvvYorTc.N.Y. 
Philadelphia, Pa. 

Bumao.N. Y. 

Ca til bridge, Mas. 
BoiiJoa, Mass. 
WLLLrham . ^oss. 
Bosi on , Maa^, 
Bridgi^portjCotm, 
Boston, Mhs*. 
Eiisi t'ambridgo, 
Rt-'ading, Pa. 
Lfit'onlEi, N, H. 
BtilTalo,N. Y. 
Walt bom I Ma$fT. 

Portland, Me. 
BridKeport.Conn. 
Waltnam, Mass. 
Laconia, N. H. 
Waltham.Mass. 
Buffalo, N.Y. 
Boston, Mass. 
Diacut . Mass. 
Cambridge, Mass. 
Boston, Mass. 
Portland.Me. 
Laconia.N. H. 
Boston, Mass. 
Philadelphia, Pa. 
Boston, Mass. 
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jli' INDEX. 

life 

yj Analysis, chemical: Pago- 

iXl Bar stock for subcaliber giins 139 

«.*i Breech bushings from Watervliet Arsenal 58 

f Specimens of g^in steels after erosion tests 139 

£ Bolt material, tensile test of a round steel bar of 130 

Brass, tensile and bendingtests of seamless tube of 123 

ij^ Breechblocks for 4.7-inch Howitzer, model of 1912, tensile tests of 11 

['f^ Breech bushings: 

I Cylindrical and conical, tests to determine relative efficiency of 53 

<« Square and V threads, tests to determine the relative efficiency of 59 

'^ Bronze, tobin, tensile test of 123 

Cast-steel rings, tests of 69 

• Chain, tensile tests of 119 

Columns, steel-built I, compressive teats of 51 

Comparison of testing machines, tensile tests of specimens for: 

Anderson Manufacturing Co. Works, Albert & J. M 110 

Carpenter Steel Co 112 

Detrick & Harvey Machine Co Ill 

Gulick-Henderson Co 110 

Isthmian Canal Commission 112 

Midvale Steel Co 113 

Roebling's Sons Co., John A Ill 

Cooling and heating curves of various grades of arsenal steels 75 

Cordage, tensile tests of: 

Lmen line, soft braided 116 

Manila rope 116 

Curves, heating and cooling, of various grades of arsenal steels 75 

Erosion tests, microscopic examination of gun steels subjected to 137 

Examinations, metallographic. (See Metallographic examinations.) 

Fastenings, rope, various methods used 101 

Friction and tube tests of 7-ply pneumatic hose 125 

Galvanized rings, tensile tests of 127 

Gun: 

Bar stock for subcaliber, chemical analysis of 139 

Trepanned rings from 12-inch, tests of 132 

Steels subjected to erosion tests, microscopic examination of 137 

Heating and cooling curves of various grades of arsenal steel 75 

Hose, 7-ply, pneumatic, tube and friction tests of 125 

Linen line, soft braided, tensile test of 116 

Manila rope, tensile tests of 116 

Metallographic examinations of — 

Bar stock for subcaliber guns 139 

Model breech bushings 57 

Trepanned rings from 12-inch gun 131 

Various steels subjected to erosion tests at Sandy Hook 137 

Model breech bushings: 

Cylindrical and conical, tests to determine the relative efficiency of 54 

Tests to determine the relative efficiency of square and V threads 59 

Pawl and rack, strength of teeth of • 60 

Pneumatic hose, friction and tube tests of 7-ply 125 

Private tests 141 

Rack and pawl, strength of teeth in 60 

Rings: 

Cast-steel, tests of 69 

Galvanized, tensile test of 127 

Trepanned, from 12-inch gun, tests of 131 

5994°— H. Doc. 404, 63-2 10 145 
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Rope: Page. 

Manila, tensile tests of 116 

Steel wire, tensile tests of 117 

Tensile tests of various methods of securing 100 

Rubber, tensile tests of 121 

Square steel wire for winding giins, tensile tests of 91 

Steel-built I columns, compressive tests of 51 

Steel specimens for standa^tiizing testing machines, tensile tests of 109 

Sumected to erosion tests, microscopic examination of 137 

Tool, tests to determine the amount of distortion caused by hardening 81 

Wire rope, tensile tests of 117 

Subcaliber guns, bar stock for, chemical analysis of 139 

Teeth in rack and pawl, strength of 60 

Testing machines, comparison of, tensile tests for 109 

ThreadiB, square and V, in model breech bushings, tests to determine the rela- 
tive efficiency of 59 

Tobin bronze, tensile test of 124 

Tool steel, tests to determine the amount of distortion caused by hardening. . 81 

Trepanned rings from 12-inch gun, tests of 131 

Tube, seamless brass, tensile and bending tests of 123 

Tube and friction tests of 7-ply pneumatic hose 125 

Wire, square steel, for winding guns, tensile tests of 91 

Wire rope, tensile tests of 117 

o 



mm 




